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ON SOME POINTS OF OSTEOLOGY OF THE PICHI- 
CIEGO {Chlamydophorus truncatus, Harlan). By Ed- 
ward Atkinson, F.L.S., Hon. Curator in Zoology to the 
Lit and Philos. Societi/s Museum; Lecturer in Botany^ 
School of Medicine^ Leeds, &c. <Skc, PL I. 

Read before the British Association at Liverpool, 1870. 

This extraordinary little animal, the smallest of the Udentata, 
is so rare (not more, I believe, than ten^ specimens having been 
captured or recorded since it was originally described by Dr 
Harlan of Philadelphia, from the then imique example in the 
Museum of Natural History in that city) ; and its literature, in 
this country, is so far from being complete, that I trust a few 
observations upon a perfect adult male, recently presented to 
the Leeds Philosophical and Literary Society, may not be 
deemed superfluous. 

It may be well, first, to glance over the bibliography of this 
Uttle quadruped. Harlan's original memoir was read before the 
American Phil. Soc. in January 1825, and published in the Annals 
of the New York Lycernn ofN. H. This paper was reprinted ver- 
batim in the 2nd Vol. of the ZooL Journal (London, 1825). Three 
years elapsed before a second specimen was secured in its only 
habitat — Mendoza^ in the Argentine Republic — and transmitted 

' The following is, I think, a correct list of aU the recorded specimens : — 

1. In the Mus. Nat. Hist. Philadelphia, 1825. 

2. Sent to Zool. Soc. of London, 1828 (now in the British Musuem). 

3. In the Mus. Acad. Sc Berlin. 

4. In the Acad. Sc. Buenos Ayres. 

6 and 6. In the Mus. Univ. Halle (one imperfect). 

7 and 8. In the Imp. Mus. Vienna (one immature, 1855). 
9. In the British Mus. (imperfect), 1857. 

10. In the Hunterian Mus. B. Coll. Surg. London (purchased at the Inter- 
national Exhib. 1862). 

11. In the Leeds Phil, and Lit. Soc. Museum, 1869. 
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2 MR ATKINSON. 

by Sir Woodbine Parish to the Zoological Society of London, 
who confided it to the late Mr Yarrell for preparation and de- 
scription. The results of his investigations were published in 
the 3rd Vol. of the Zool, Journal (1828); but these, while 
adding comparatively little of importance to what Harlan had 
made known concerning the internal organization (for both the 
specimens described had been eviscerated), served rather to 
obscure than to elucidate the one marvellous feature of the 
skeleton, which, more than all the rest, distinguishes it, not 
only from other genera of its order, but from every known 
mammal, viz. the structure of the pelvis, with its anomalous 
bony shield \ Mr Yarrell, in fact, never recognized the shield 
as an integral part of the skeleton, but in his anxiety to pre- 
serve the skin with its 'coat of mail' entire, he actually cut 
through the five bony processes by which the shield is united to 
the sacrum and ischium; and congratulated himself on the 
feat, which although difiScult, "was ultimately accomplished 
without injury" (I) The figure which accompanied his paper 
faithfully portrayed the mutilated processes, and served for 
the next twenty-seven years to mislead students of comparative 
osteology as to their true significance. Various authors^ during 
this long interval, having no further opportunities of examin- 
ing fresh specimens, were fain to repeat Yarrell's statements ; 
and not few were the additional errors, which, either by care- 
less translation into foreign languages, or otherwise, crept into 
their accounts. Even Cuvier speaks of the animal as possessing 
10 teeth on either side of each jaw, while Harlan bad correctly 
enumerated 8 only; and the same great man (on what autho- 
rity I know not, unless it were from misunderstanding Har- 
lan's plates — ^for it is evident he never saw the animal itself) 
speaks of the tail as being '* partially attached to the underpart 
of the body." 

It was not until 1855, however, that Prof. Hyrtl of Vienna 
rescued the chlamydophorus from its unmerited obscurity and 
misrepresentation. Having fortunately obtained a perfect adult 
female, sent to the Imperial museum in spirits, he made a most 
careful dissection of it, and published a beautifully illustrated 

1 Prof. Hyrtl in loco, p. 25. 



OSTEOLOGY OF THE PICHICIEGO. 3 

and almost exhaustive treatise upon it\ This admirable mono- 
graph has never been translated in this country, and, curiously 
enough, is not even referred to by Dr J. E. Gray in his short 
paper "On the Structure of the Pelvis of Chlam. truncatus^" 
written in 1857 on dissecting a second (very imperfect) speci- 
men sent to England by Sir W. Parish. Neither does Dr Gray 
include Prof Hyrtl among the authorities quoted in his " Revi- 
sion of the Genera and Species of Entomophagous Edentata," 
published in 1865*. Besides, so brief is the notice bestowed on 
the pelvic shield and other singular features of the skeleton in 
these communications, that English readers who may not have 
access to Prof. Hyrtrs treatise, will require no apology from 
me for availing myself of the Leeds specimen for its further 
illustration. 

Our society is indebted to the kind exertions of Mr E. 
Harry Woods, of Rosario, and to Dr Day, of Mendoza, for this 
great acquisition. These gentlemen transmitted the animal in 
spirits, at the close of last year, when it was at once entrusted 
to Mr E. Gerrard, the well-known taxidermist, who with admi- 
rable skill has succeeded in preparing both a perfect skeleton 
and a stuffed skin from it. It was in order to secure this end 
that I reluctantly abstained from any previous dissection of the 
specimen. I now regret this mainly because Prof. Hyrtl's speci- 
men being a female, I have lost the rare opportunity of examin- 
ing the male generative apparatus in situ. 

My present object, however, is to draw attention to several 
points in the skeleton, and first to the 

Head. The general conformation ' of the head is very 
remarkable, differing from all other edentata in its relative 
dimensions*. 

From the following table it will be seen that, both in alti- 
tude and breadth, as compared with its length, the skull of the 
Chlamydophorus excels its congeners. I have not the oppor- 
tunity of comparison with Xenurus or Tolypeutes, but I believe 



^ Denkschriften d. Kais. Akad. d, Wissenschaften, 9ter Band. 
« P. Z. S. Part XXV. p. 8. 
» P. Z. S. for 1866, p. 381. 

* YarreU's figure is had, and has been invariably copied by all English 
authors, including Prof. Owen, in his Comp, Anat. of Vert, Vol. ii. (1866). 
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they would both confirm my statement. The measurements 
are given in lines. 

RELATIVE MEASUREMENTS OF EDENTATE SKULLS. 





Pholidotus 
javanicus. 


• 
3*a 


9) 

la 

&?8 
o 


Cyclothurus 
didactylus. 


Bradypus 
tridactylus. 


Chlamydophorus 
truncal us. 


Height inclnding 
Lower Jaw. 


15 


24 


42 


8 


18 


12 


Breadth from Ear 
to Ear. 


21 


27 


40 


10 


16 


11 


Length. 


46 


50 


96 


21 


30 


18 



Thus it appears that the total height, in Ctdamydophorus, 
from the base of the lower jaw to the vertex, and the diameter 
from ear to ear (not including the osseous auditory tube, which 
would add a line more on each side) are within one line of 
being equal; whilst the total length, from occiput to end of 
snout, is only once and a half as much as the height. A compa- 
rison with the other skulls measured shews no approach to 
these results. 

The configuration of the skull, as a whole, is conical : the 
brain-case is sub-globose and capacious. If you imagine the 
remarkable frontal tuberosities and the deep lower jaw re- 
moved, you perceive a marked similarity between the crania of 
Chlamydophorus and Chrysochloris. 

But the general facies, seen in profile, suggests, with the 
exception of the elongated lower jaw, a resemblance to the 
Asiatic elephant. This is mainly due to the elevation of the 
vertex, and the concavity of the os frontis (between the tuber- 
osities), as well as to the inconspicuous orbit which is scarcely 
distinguishable from the zygomatic fossa, while the optic fora- 
men is so minute as to be hardly visible. 

The lower jaw is remarkable for its pachydermatous cha- 
racters — its great depth, perpendicular ramus, rounded angle. 
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and the shortness of its coronoid process as compared with the 
condyloid. It bears, however, a not distant likeness to the 
lower jaw of the insectivorous Macroscdidea typicus, which has 
also a short coronoid. 

Ear. Our animal would appear, like the desman and the 
mole, to be devoid of an external ear, but this is not the case. 
True, there is no pinna, and the concha is represented only by 
a delicate cup-like ring of cartilage surrounding the aural orifice 
immediately behind the eye. But on removing the integument. 
a very singular auditory apparatus is displayed in the form of 
a long winding osseous tube, commencing where the bony 
meatus generally ends, ascending behind the articulation of 
the jaw, arching over the root of the zygoma, and then running 
horizontally to the point where the modified conchal orifice 
opens close to the tiny eye. This winding tube, however, is 
not in a single piece, but in two ; the first of which is con- 
nected by cartilage with the short canal (the true bony meatus, 
not a quarter line in length) leading from the tympanic 'bulla/ 
and extends to a length of three lines, teiminating at a point 
opposite the junction of the temporal, parietal and frontal 
bones. At this point it is joined by an interposed ring of car- 
tilage to the second piece, only one line in length. This 
singular acoustic tube is capable of limited movement, and 
is furnished with a delicate muscle attached to the temporal 
bone near the root of the zygoma. The tympanic bulla, just 
mentioned, is in fact the tympanum itself, developed external 
to the cranium. It occupies the ordinary position of the mas- 
toid process, consists of an ovoid, bubble-like, thin-walled cham- 
ber of considerable capacity — separated from the meatus by a 
true membrana tympani — and contains the usual chain of 
ossicles connecting that membrane with the fenestra ovalis. 
On its lower and inner aspect this bulla is somewhat con- 
tracted, and is pierced immediately behind the pterygoid plate 
by a minute orifice leading into the eustachian tube. To 
revert to the osseous tube connecting the tympanum with the 
concha, I would observe that it is evidently the homologue of 
the cartilaginous meatus auditorius, elongated and ossified to 
meet a special requirement. The nearest approach to this 
remarkable development is in the Echidna, whose external 
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auditory meatus is composed of a long series of cartilaginous 
rings. Resolve these rings into two bony tubes, and you have 
the organ of the Chlamydophorus. 

The Olfactory organ has also a special development; for 
in addition to the usual surface afiforded by the nasal fossae and 
the ethmoidal cells, the two remarkable frontal tuberosities 
consist of an intricate labyrinth of cells, which freely commu- 
nicate with the latter. 

Hence it will be seen that although the organ of vision is so 
inconspicuous as to have earned for the animal the name of 
Pichi-ci^go, or 'blind armadillo' — ^the deficient sight is abun- 
dantly compensated by the extraordinary provision made for 
smell and hearing. 

The Scapula attracts notice on several accounts. 1. From 
its general contour : the superior margin is convex, the inferior 
concave, and the anterior straight, while the posterior angle 
curves downward to a sharp point like a pruning-hook. In 
Dasypus the anterior and superior margins are convex, and the 
inferior straight, while the posterior angle points directly back- 
wards. 2. In Chlamydophorus the dorsum is divided into three 
nearly equal portions by two spines^ or crests, the upper of 
which supports the enormously long hooked acromion, and the 
inferior, not quite so elevated, terminates at the neck of the 
scapula. The space between the lower spine and the angle 
affords a broad origin for the powerful triceps muscle. 3. The 
acromion process, which is equal in length to the spine from 
which it springs, takes so wide a sweep as to overhang the 
greater tuberosity of the humerus; thus affording increased 
leverage to that bone, and while protecting the joint anteriorly, 
enlarges its cavity; this renders necessary the interposition 
of a synovial bursa'. A similar arrangement occurs in Oryc- 
teropus. 

The 8te7^wn presents one or two features worthy of note. 
It is composed of six bones, of which the first (manubrium) is 
much the largest, for the support of the broad articulation of 
the plate-like first rib. This bone and the next (first meso- 
stemal) have a sharp crest or keel along their anterior surface — 

^ As in cholaptis and myrmecophaga, and some S. American simiada. 
« Prof. Hyrtl, p. 23. 
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a vestige of bird-like structure which is seen in a less degree in 
Chokepus and Ddsypus, and in the ' interclavicle' of OmithO' 
rhynchu8^; but in Chlamydophorus this feature is proportion- 
ally more ornithic than in either of these. The next three 
pieces are small, like flattened beads connected by cartilage, 
thus serving, together with the articulated ribs (another bird- 
like element) to compensate for the want of expansibility, 
owing to the complete ossification of the latter. The xiphi- 
sternum is separated from the fifth piece by the dovetailing-in 
of the conjoined plates of the 6th, 7th, and 8tb ribs on either 
side. 

But by far the most striking anomaly in the skeleton before 
us is the singular pelvic shield, to which Hyrtl has given the 
name * sphaBroma ischii.' As his description is quite exhaustive, 
I cannot do better than transcribe it. He begins by exclaiming 
with pardonable enthusiasm : ^'Inusitata, vel, ut rectius dicam, 
inaudita plane pelvis conformatio, verum prodigium osteolo- 
gicum est, cui per omne mammalium regnum, nihil simile 
datur aut secundum." 

He then proceeds : " The unusual characters (of the pelvis) 
consist, first, in the pubis being open in front, as in birds; 
and secondly, in the mutual growing together (mutuo coalitu) 
of the enormous tuberosities of the ischium, whence is de- 
veloped the truly miraculous bony shield, which for the future 
it will be convenient to call the SphcBronia ischii. 

" The pelvis, elongated as in the Bdsypi, is composed of the 
sacrum and innominate bones, whose symphyses degenerate into 
true synostoses. The number of the sacral vertebrae, on account 
of their intimate union, can only be estimated by the number 
of inferior sacral foramina, which, since there is some asym- 
metry in the anterior region of the pelvis, appear to be ten. 
The first three coalesce with the iliac bones — the last four blend 
with the ischia — ^the three middle contract no union with either 
of these bones, but constitute the upper margin of the ischiadic 
foramen. Thus far it tallies in the strictest sense with Basy- 
pus gymnurus (Xenurus, Rapp). But now appears a notable 
difference. From the dorsum of the sacrum arise three longi- 

1 Parker's Monograph on Structure and Development of Shoulder-Girdle, p. 193. 
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tudinal crests, of which the median absorbs the lateral ones, so 
that behind the great ischiadic foramen only one crest remains, 
which, in the shape of a slender, pellucid, and much-perforated 
lamina, is produced throughout the length of the sacrum, and 
posteriorly amalgamates with the sphseroma. This median 
crest, at the spot where, by the accession of the lateral ones, it 
receives an increase of substance, is evolved into a dense trans- 
verse lamina, which is associated on either margin with a long 
and unusual process of the ischium that I denominate the 
ascending. By this means a double canal is formed, whose 
arch is the transverse lamina just described — whose base is the 
dorsum of the sacrum — whose external wall is the ascending 
process of the ischium, and whose internal wall is the median 
crest itself which separates the two canals. These ample canals 
we will call c, suprasa^aUs majores. Nor is this all. From 
the dorsal aspect of the transverse lamina are sent out, in a 
backward and upward direction, two strong rounded bony 
columns, which, diverging from each other, impinge upon the 
sphaeroma and become as many props to it. It is evident that 
between these columns and the median crest, there are two 
canals also, similar to those already described. These we name 
the c. sfwprasacrales minores" 

In the adult D. gymnurus, the innominate bone consists, as 
usual, of three bones which are joined by interposed cartilaga 
But in Chlamydophorus they form a genuine synostosis. 

The ilia surmoimt the sides of the anterior sacral vertebraB, 
with which they are united, in the shape of wings, and afford an 
ample surface for the origin of the dorsal muscles. The ischia- 
dic notch is converted into a true foramen. 

The ischium is united to the sides of the posterior sacral 
vertebrae, and possesses three rami, of which the superior is the 
'ascending process* above named; the second, directed down- 
wards and forwards, meets the os pubis, with which it unites to 
form the lower boundary of the obturator foramen ; the third, 
remarkable for its strength and breadth, affords th,e sturdiest 
support to the sphaeroma ischii, into which it is inserted. 

The OS pubis is distinguished from the ilium by the pre- 
sence of a broadish ilio-pubic tubercle. It consists of only one 
ramus which is joined to the descending ramus of the ischium. 
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and closes the obturator foramen. With its fellow of the oppo- 
site side it has no connection, and hence, in the bony pelvis, 
there is a gap below of six lines in width*. In place of a sym- 
physis, however, there is an arch of fibro-cartilage projected 
forwards which closes the pubes, and receives the fibres of the 
recti ahdominis muscles. In Xenurua (according to Hyrtl) the 
symphysis is closed, not by the continuous development of the 
pubic bones, but by the interposition of a small wedge-like 
bone on either side of the median line. Similar cuneate bones 
are said to occur in D. sexdnctv^s, but not in D. novemcinctiis^j 
where the normal ossification is complete. This is a very in- 
teresting developmental link. 

This marvellous Sphseroma, then, distinctly belongs to, and 
is part of, the bony pelvis, to which it is united by five fulcra. 
Of these the two principal, and lowest in situation, arise from 
the ischium — the two middle are the columns erected on the 
transverse lamina of the sacral crest — and the highest is the 
termination of the median crest. Since the main buttresses of 
the shield occupy the place belonging, in other Dasypods, to the 
tubera ischii, it seems evident that this anomalous structure is 
developed from the confluence of the tuberosities. It has no 
analogy to the cutaneous skeleton which occurs in the form of 
bony plates in all the Dasypi : for in these animals the bony 
shields of the skin are never united to the subjacent parts of the 
skeleton by a true synostosis, as in Chlamydophorus. 

In position, the sphseroma is vertical; in shape, it may be 
compared to a semicircular buckler with its convex margin 
directed upwards. This margin is thick, rounded, and beauti- 
fully crenated with bosses and intermediate fissures, correspond- 
ing with the first row of tessersB in the perpendicular piece of 
the homy dermal coat which overlies it. The lower margin of 
the shield is acute, and also crenated, and consists of two nearly 
straight radii, as it were, converging to the semilunar median 
notch, which embraces the base of the tail, but without touch- 
ing it. The anterior surface is concave, but unequal and rough, 
pierced by many nutrient foramina. The posterior is smooth, 

^ This hiatus is greater in proportion than in the Sloths or in the Shrews 
the only other mammals whose pelves are open anteriorly. 
^ Tatiuia peba, Desm. 
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but bossed and ornamented with semicircular rows of oblong 
foramina and fissures, arranged concentrically, which give inser- 
tion to the short tough fibres, by which the dermal coat is bound 
to the shield throughout. 

I have preferred to use the term ' dermal coat' (chlamys) to 
indicate the tesselated horny covering, which clothes the top of 
the head, back and tail of the animal, as well as the bony pelvic 
shield ; because some confusion' is introduced by previous writers^ 
by the interchange of the terms 'dorsal disk' and 'dorsal shield* 
— 'pelvic disk' and 'pelvic shield' — whereas in Chlamydophorus 
there is (in the dorsal region) no shield as distinct from the 
horny disk or coat. Neither in the Dasypods, which have bony 
exoskeletal shields, is there any endoskeletal pelvic shield. 

With respect, however, to the relation between the sphse- 
roma ischii and the cutaneous system, it must be observed that 
the former is completely invested, on both its surfaces, by the 
common integument of the body : so that the anterior concavity 
and the bony fulcra implanted into it are clothed with hairy 
skin reflected from the back and nates ; while the posterior sur- 
face is covered by the closely adherent continuation of the 
dermal homy coat. The hairy skin which surrounds the fulcra 
of the sphaeroma insinuates itself even into their interstices, 
whence the sinuses are formed which Yarrell mistook for anal 
glands^ 

Before quitting this portion of the subject, we may enquire 
what is the purpose of this singular truncated extremity so 
strongly fortified within by bony shield and buttresses? At 
first sight it appears rather obstructive than calculated to serve 
any useful end : but on considering what little is known of the 
habits of the animal, it will be evident that it fulfils a most 
important office as a defensive weapon — ^the only one the little 
creature possesses ; while the obstruction which it might appear 
to ofifer to the perfonnance of sexual functions, is compensated 
by the special structure of the male and female organs. The 
Armadillos live above ground, and, when attacked by birds of 
prey or other enemies, are able to roll themselves into a ball, in 
which position the overlapping plates of their osseous armour 

^ Gray's CataL EdenL Mamm. p. 888, and elsewhere. 
* ZooL Journal^ Vol. iii. loco ciU 
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afford them their necessary protection. The haunt of the 
Pichici^go, however, is its subterraneous burrow, whither on the 
slightest alarm it betakes itself, and from which it never wan- 
ders far. Hence it does not require a stronger armature for its 
head and back than what is sufficient to support the superin- 
cumbent loose sandy soil through which it digs its way ; while 
its sturdy pelvic shield covers its retreat by effectually closing 
the orifice, much on the same principle as a gasteropod shelters 
behind its operculum. Thus its nimblest foes, which probably 
are serpents, may be eluded ; and, as if to give them " no handle 
to get hold of," the animal is able to curl up its tail closely 
against the abdomen, and so complete this admirable defence. 

From Hyrtrs description of the female organ, which I give 
entire below, it appears that the orifice of the vagina is situated 
above the pubes, but is prolonged into a tube a quarter of an 
inch in length ^ and, as I gather from his expressions (though 
he does not distinctly say so), directed backwards, so as to facili- 
tate copulation. On the other hand Yarrell, whose specimen 
was a male, speaks of the penis, which '' remained attached to 
one edge of the divided abdominal muscles," as being "large 
compared to the size of the animal, and one inch and one eighth 
in length." In our specimen the length was about the same, 
of which one quarter-inch was free externally, and semi-pendu- 
lous. These facts taken together seem to render unnecessary 
the possible hypothesis suggested by Prof. Hyrtl, as to the 
modus coit'As, but in which he himself evidently does not 
believe. 

The Mammae' are pectoral, and two in number. The testes 
are abdominal, but I am unable to speak definitely as to their 
exact situation. 

^ ** Vagina insolitaB formsB organon, non uti regula fert, ostio ante anum 
hiante, exordium sumit, sed tubum sistit, supra inguen elevatum, cylindricum, 
ad tree lineas longum, extus pilosum, intus membrana mucosa, in ostii extemi 
vicinia plicis longitudinalibus omata, obductnm, ita ut Priapum potins quam 
sinum pudoris feminini ante oculos habere crederes ; et ipsemet ego, primo ani- 
malis aspectu, cum masculo rem mihi esse, hallucinayerim. 

'* Forsan pelvis conformatio singularis, amplexibus venereis more feramm a 
posteriori celebrandis, minime favens, talem vaginas in tubum cylindricum pro- 
longationem necessariam reddit, ut vagina hoc pacto peni, in venerem ruenti, 
quasi obviam venire possit. Si vero, quod serioribus observationibus dijudi- 
candum et statuendum relinquimus, Chlamydophori femina, copulam sexualem 
adverso ventre inire soleat, revera plane non intelligendum erit, cui officio 
vaginffi priapiformis longitudo InEerviat." Op, cit, p. 50. 

• Idem. p. 61. 
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But to return to the skeleton, there axe yet several points 
on which I would say a few words. And first, as to the teeth — 
for here I find my observations do not quite accord with those 
either of Prof. Hyrtl, or of Dr Harlan. I will, however, for 
brevity's sake, not quote these writers, but simply describe from 
our own specimen. 

The Chlamydophorus is a true homodont, with eight grinders 
on either side of both maxilla and mandibla The teeth are 
long, subcylindrical, separated by intervals, and deeply set 
(those of the lower jaw perforating the whole depth of the 
bone, and dimpling its inferior margin); each tooth is nearly 
equal in diameter throughout its length, and has therefore no 
true crown or root. They are slightly curved \ so that each 
tooth with its antagonist taken together describes an arc of 25" 
(see fig.) with the convexity forwards. 

Before speaking of the opposed surfaces, I would draw at- 
tention to the articulation of the jaw. It is plain that the 
condyle, being so closely packed in between the root of the 
zygoma and the external ear-tube, can have very slight antero- 
posterior movement : hence, no single tooth can be brought into 
contact with any other but its proper antagonist. 

The first tooth of the lower jaw has no opponent and there- 
fore no masticatory surface. It is rounded at the apex, and in 
our specimen (as in HyrtFs) is the smallest of all [while 
Yarrell, whose specimen was perhaps older, describes it as the 
longest, as we might naturally expect it it to be]. The first 
seven teeth of the upper jaw, then, are opposed to the last seven 
of the lower; and hence the eighth upper tooth is also without 
an antagonist, but, unlike its analogue in front, it has a double 

facet. 

In the upper jaw, the first five teeth have a single oblique 

plane facet, directed backwards, while the remaining three 

have two equal facets each, converging to an angle. In the 

lower jaw, the 2nd, 3rd and fourth teeth have single plane 

facets cut obliquely to correspond with the 1st, 2nd and 3rd of 

the upper ; in the 5th and 6th the posterior plane is slightly 

developed; while the 7th and 8th alone have the anterior and 

posterior planes equal. 

^ Hyrtl describes them as carved, but his plate represents them straight. 
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From this arrangement it will be seen that very slight re- 
traction of the jaw would lock the teeth, and hence the lateral 
movement must prevail in mastication. 

The OS hyoides has been remarkably well preserved in our 
specimen, and as it is fully described by Hyrtl, I will give his 
own words : 

" The body (basis), carved in the form of a horse-shoe, pre- 
sents a median tubercle for [the attachment of] muscles coming 
from the sternum. There is no entoglossal bone. Neither in 
Chlamydophorus nor in D. sexinctus have I seen the process of 
the body reaching to the thyroid cartilage, which Bapp ascribes 
to the Dasypi. The posterior horns, which in man are called 
*c. magna,' are only small tubercles, joined by a genuine synos- 
tosis to the body of the hyoid bone. They contract a true 
articulation with the anterior cornua of the thyroid cartilage, 
which occurs in the Dasypi. The anterior horns of the hyoid 
(in man, * c. minora') exceed in length the body itself, and are 
composed of three segments. The first is the shortest, but 
thicker than the rest, and joined to the body by arthrosis — not 
by sychondrosis, as authors erroneously suppose. The second 
segment is the longest, and somewhat terete ; it coheres with 
the first and third by means of capsular ligaments, and not by 
interposed cartilage. The third segment is a rudiment of the 
styloid bone, and is closely connected by tendinous fibres to the 
petrosal." 

With regard to the natural position of the tail of the animal 
there appears to be some doubt. Its length from the notch in 
the sphseroma to the apex is an inch and a quarter ; it is some- 
what expanded and flattened towards the end, into the shape 
of a spatula. Above it is covered with scales similar in con- 
sistence to the theca dorsalis — ^below it is smooth. Harlan 
describes and figures it as permanently curved under, and lying 
close against the belly, except when used, as he supposes, for a 
paddle. Yarrell adopts the same view (though he represents, 
the tail extended in his figure of the skeleton) and enlarges 
on it, believing that it is " probably exercised in removing back- 
wards the loose earth accumulated under the belly by the 
action of the fore legs" when burrowing. Prof. Hyrtl admits 
that he is puzzled. For though in both his specimens the 
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tail was bent forwards, and could not be reversed^ — ^yet he 
could not believe this position was natural, because of the im- 
pediment it must offer to the animal's progress underground. 
In our specimen the tail was extended when it came to us, and 
it was evident the animal, which had been captured alive and 
kept some time in captivity, had died with the* tail in that 
position. Mr Gerrard says, " I tried to make it curve under 
the body, but it would not — so I left it as I found it;" and he 
adds, " I do not think it would be found to curve in the oppo- 
site direction after death to that whilst living, even allowing 
for the contracting power of strong spirit." In all probability 
Harlan's and Hyrtl's specimens were taken while retreating to 
their burrows and killed at once, the tail preserving the atti- 
tude which it assumes under those circumstances — ^its natural 
position, when the animal is unmolested, being that of ex- 
tension. 

I venture to think, too, that another point remains in doubt 
regarding our little animal — namely, its mode of progression : 
and if, as I believe, it can be shewn that the Chlamydophorus, 
like Myrmecophaga jvbata, and the Manididce, walks on the 
dorsum of its fore claws, its position in the order will be 
changed. It is said that JPriodon gigas has a similar manner of 
gait, which, if true, will render my supposition more probable ; 
inasmuch as the latter is not only generically nearer to our 
animal, but the structure of the toes in Priodon and Chlamy- 
dophorus is more nearly alike by far, than is that of either of 
the first-named genera to these. 

First, then, our specimen, when it arrived, had the toes of 
the fore feet doubled inwards with their claws resting upon the 
palms, nor could they without violence be got to lie flat. This, 
it may be said, was due to the strong spirit in which it had been 
kept : but (as already observed of the tail) this did not seem 
sufficient to account for it. Secondly, the appearance of the 
palms, of which the radial half is covered with soft fur, and 
therefore is unfitted for contact with the soiL Thirdly, the 
flattened shape of the claws, and their imbricated arrangement, 
i, e. the 5th overlapping the 4th, and this overlapping the 3rd, 

^ '' ...versus ventrem infimum inflexa, tendit, nei^ue majore vi facile ma< 
tatur.-' 
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would, when strongly flexed, present a continuous flat surface on 
which the weight of the fore limb could rest. Add to this, that 
the dorsal aspect of the claws had the appearance of having 
been used in this way. Having observed these points as likely 
to account for the actual position of the fore feet in our speci- 
men, I was struck with Prof. Hyrtl's description of the muscular 
structure of the palm — the more so as he does not suspect the 
mode of progression to be different to that of D, gymnurus, 
with which he compares it. When describing the flexor mus- 
cles of the fore limb, he thus expresses them : ^' A singular union 
characterizes the flexorial province of the muscles of the fore- 
arm and hand, whose number is less than usual from the ab- 
sence of the flexor hngus poUids and pronator quadratuSy but 
whose fleshy belly presents so large a mass as to strike one with 
admiration. With so rich an apparatus of muscles has the 
sagacity of nature provided for the flexion of the hand and 
fingers — strength being combined with celerity of liction — that 
the prompt flexion of these may occur at the same moment, and 

with the same effort as extends the forearm These muscles 

have a common fleshy origin, consisting of three layers. The 
superficial layer yields to the rest in volume, and divides into 
four tendons, of which the firaty second and fourth resemble in 
their course and mode of insertion the pronator teres, and the 
radial and ulnar flexors of the carpus respectively. Concerning 
the third there appears some doubt. From its origin, course, 
and aponeurotic expansion you would take it for a pahnaris 
longiis. But when its palmar aponeurosis splits up into four 
flat tendons, which go to the first phalanges of the fingers (the 
poUex excepted), and there, by a forked division, give passage 
to flexor tendons which are produced to the last phalanges, the 
obvious suspicion is that you have to do with a flexor digitorum 
sublimis, I myself adopt the former view, and for the following 
reasons. Firstly, because the so-called flexor svhlimis consti- 
tutes the mass of the second muscular layer. Secondly, because 
the common rule among mammals demands that the bifid ten- 
dons of the fl. sublimis should be inserted, not into the base 
of the first, but into the sides of the second internode. Thirdly, 
it is evident irom an accurate examination of their insertion, 
that the tendons of which we speak are not perforated, but are 
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SO blended with the fibrous sheath which guards the flexor ten- 
dons as would require even in the human hand a most subtle 
preparation to demonstrate. We therefore declare this am- 
biguous muscle to be the palmaris hngus. Its tendon where 
it crosses the carpus contains a minute lenticular ossicle." 

Hence, I think it will be clear that the unusual development 
of this muscle and its aponeurosis in Chlamydophorus is spe- 
cially provided for fixing the palm in the flexed position, and 
thus enabling the animal to walk on the dorsum of its outer 
toes : while at the same time this attitude of the limb appears 
the best adapted for scooping out and throwing backwards the 
sand in which it burrows. 

I am indebted to the valuable assistance of my friend, Mr James Walker, 
who has kindly prepared the drawings which accompany this paper. 



DESCRIPTION OF PLATE. 

Fig. 1. Skeleton of Chla/mydophorus trv/ncatua (nat. size). The 
fulcra supplied by the ischium are best seen in this figure. 

Fig. 2. Sphceroma ischii and tail, viewed from behind (nat. size). 

Fig. 3. Pelvis and sphseroma viewed from above and in front, 
so as to shew the fulcra supplied by the sacrum and the ' ascending 
processes.' 

Fig. 4. The Sternum, clavicles, and first pair of ribs (nat. size). 

Fig. 5. The external auditory apparatus, or * acoustic tube.' 

Fig. 6. The os hyoides. (Figs. 4 and 5 are twice nat. size.) 



X regret to find that, in the transference to the stone by the lithographer 
whom I employed, the drawing of the teeth has been altered so that they aU 
appear level-topped. Unfortmiafely this was not discovered till it was too late 
to be rectified. — Ed. 
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ON CARDIOGRAPH TRACINGS FROM THE HUMAN 
CHEST-WALL. By A. H Gabrod, St John's College, 
Cambridge. 

On applying- the hand over the left pectoral region the move- 
ments of the heart can be felt with facility, especially at the 
end of expiration. In the following paper an attempt is made 
to classify and partly explain these movements, as they are 
reproduced by the sphygmograph. 

The earliest and perhaps the only published observations 
on these curves are by Dr Marey of Parish who gives one trace 
from the human subject and others from the horse, which 
latter have the advantage of being associated with synchronous 
traces from the interior of the ventricle and of the auricle. 
No previous observations can be found as to the relative dura- 
tion of the different elements of and the other peculiarities in 
the human heart apex traces at different rapidities of pulse. 

While the subject is sitting or standing the sphygmograph 
can be made to give a very perfect record of the heart's move- 
ments, as they are transmitted to the intercostal tissues, by 
holding the instrument horizontally with the watchwork to the 
right hand, the plane of the recording paper and consequently 
of the whole instrument being parallel to the floor, and the 
lever-pad at or near the point of maximum pulsation, between 
the fifth and sixth ribs. While lying, the instrument must be 
held upright, as when wrist traces are taken. 

The movements of respiration cause so much irregularity 
in these traces, that it is advisable to stop breathing while they 
are being taken ; and this should be done at or near the end of 
a normal expiration; it is then found that little or no effect 
is produced on the heart's action, during the short time, about 
seven seconds, that the instrument is applied. 

It will also be found that quick pulses are more easily 
taken than slow ones, because the heart can only be rendered 
slow by means that make the skin cold and inelastic, or by 

^ Physiologie MidicaU de la Circulation du Sang, Paris, 1863. Pp. 68 and 
121, and elsewhere. 

VOL. V. 2 
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positions that make the application of the apparatus more 
difficult. 

In all cases the spring carrying: the pad should be screwed 
down 80 a. to give its greTtT^ure. 

In the account of the traces thus obtained, the rapid beats 
will be first described ; after these the slow ones, by which 
means an idea can be best formed of the relation between 
curves at first sight so different as those produced when the 
heart's action is over 100 and those when it is below 50 in 
a minute (compare Figs. I. and vi.). 

There is a great similarity in traces from pulses above 105 
to those over 140 in a minute ; and the description of one will 
include them all. Figure I. is from a heart beating 125, and it 
represents all the characteristic features. The movements of 
the lever are very extensive and sudden, so as to give the 
impression that they depend more on its momentum than on 
the heart's action; but that such is not the case is shewn 
by applying the instrument a little way fi-om the point of 
greatest pulsation, when (as in Fig. II.) all the same ele- 
ments appear, though much less ample and otherwise modified. 

The main ascent commences abruptly immediately after a 
slight rise and fall (a. Figs. I. n.), and is always broken about 
midway (6) by a small fall ; it is followed by a most consider- 
able and rapid descent, which carries the lever in an unbroken 
line, down to a point almost as low as that from which it 
started. Subsequently to this comes a less sudden rise (/), 
which reaches about as high as the break in the main ascent ; 
its summit is not nearly so sharp as the previous one, and from 
it a fall, frequently a little irregular, commences slowly, becom- 
ing more rapid, though it is interrupted by a slight rise {g), 
after which it continues to sink until it reaches the lowest 
point of the trace, from which it makes a sudden slight ascent 
(A), which soon becomes more gradual, continuing until the rise 
(a) from which the description commenced. 

Neglecting for the present small differences in the relative 
durations of these components, the pulse of 140 differs from 
that of 110 a minute in the movements being more extensive 
and consequently the angles more sharp, the intermediate rate 
is being intermediate in character. 
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In the pulse of about 90 a minute (Fig. iii.) another small 
rise and fall appeal's (e) in addition to those previously de- 
scribed, which is very constant,' and becomes more considerable 
when the heart's action is slower. 

Here also, as shewn in Fig. IV. in a trace taken directly 
after Fig. in. between the sixth and seventh ribs, there is some- 
times seen a reduplication of the first part of the main rise 
(6, c. Fig. IV.), which is disguised in Fig. in. probably by the 
momentum of the lever. Another point in which it differs 
from the quicker pulses is in the formation of a second undula- 
tion (6) in the main descent before it reaches its lowest point. 
The main ascent also is not so extensive. 

When about 70 beats are made in a minute the main rise 
can frequently be shewn to be doubly broken (6, c, Fig. v.) ; but 
these often get merged into one curved line. The subsequent 
fall {d) is here seen to have become much diminished, and the 
next rise and fall (e) of greater duration. 

In the slow pulses (Figs. vi. ix.) the fall after the small rise 
preceding the main ascent (a) is inconsiderable, or nil, which 
makes that rise appear as part of the main one, which is not 
the case. 

The rise c has now become more marked, while d has dimi- 
nished so much that it is no longer the highest point of the 
trace, that now being at the end of the rise preceding the main 
descent (/), which is frequently found to be double. 

It is to be noticed that as the pulse gets slower, the gene- 
rally ascending line between k and a gets longer ; also that at 
all rates there is a great similarity in shape in the fall and rise 
between the points h and k, which is quite characteristic of that 
part of the curve. 

A precise knowledge of the causes of these various changes 
in the direction of the human apex trace will always be some- 
what deficient, from the impossibiUty of vivisectional verifica- 
tion, and from the fact that the relations of the organs con- 
cerned is different in man to what it is in animals, from which, 
otherwise, arguments from homology might have been more 
extensively employed. 

By means of synchronous traces from the exterior and in- 
terior of the heart of the horse Marey explains his apex trace, 

2—2 
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which in the main resembles that from the human subject 
He shews that the rise, here called a, results from the contrac- 
tion of the auricles, which makes it clear that that event occurs 
much nearer to the commencing ventricular contraction, repre- 
sented by the origin of the main ascent, than is supposed 
by many. He also shews that the semilunar valves close at 
the break, single in his trace, in the main descent. The irre- 
gularities in the systolic interval he considers due to vibration 
of the blood caused by the tightening of the auriculo- ventricular 
valves, but his results were recorded after having been commu- 
nicated to india-rubber tubes filled with air, and the undu- 
lations probably originating in them. 

It is necessary in attempting to explain these traces, espe- 
cially when comparing different rapidities of pulse, always to 
bear in mind Marey's most important law, that "the arte- 
rial tension (blood potential) varies inversely as the rate of 
the pulse." This law, though disputed by some, must closely 
approximate to the truth, because by it so many facts with 
regard to the circulation of the blood are perfectly explained, 
that cannot be in the least accounted for elsewise ; and it will 
shortly appear how much it assists in interpreting the curves 
under consideration. 

After the auricles have contracted at a, the commencing 
ventricular action originates the main rise, which continues 
uninterrupted until the closm^e of the mitral and tricuspid 
valves at b. From this point, until the opening of the aortic 
and pulmonary valves, the heart's force is expended in raising 
the potential of its contained blood to that of the large arteries, 
and it is a well-known fact that during that time the form of 
the ventricles becomes somewhat globular, their diameter in- 
creasing and thus causing them to recede in their conical peri- 
cardial cavity, producing the fail b in the quick pulses. 

Immediately the semilunar valves get opened the ventricles 
distend the proximal parts of the large arteries, and it is evi- 
dent, from what has been said above with regard to the relation 
of blood potential and rapidity, that the quicker the pulse 
the more relaxed is the aorta at the moment before the semi- 
lunar valves open ; consequently the more rapid the pulse the 
greater is the disturbance of equilibrium when they do so; 
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and as the aorta gets stretched and lengthened by the sudden 
repletion^ so it sends the heart forward at that moment, caus- 
ing the rise d, which must therefore be greater as the pulse 
is quicker, which is the case. In very slow pulses the blood 
potential being high, the repletion of the already greatly distend- 
ed arteries does little in further filling them, but acts by sending 
the whole mass of blood forward, consequently the rise d is incon- 
siderable. The rise c, if not resulting from the shock of closure 
of the auriculo-ventricular valves, must remain unexplained. 

The repletion of the proximal arteries is very rapid ; and 
the accompanying rise is overcome in quick pulses by the 
speedy retreat of the apex, resulting from the emptying of the 
heart, causing the fall d, at the end of which the ventricles cease 
contracting. 

In slow pulses the heart's systole is prolonged, causing slight 
irregularities in the upward tending trace, which are fairly con- 
stant (e, which is frequently double). 

There is evidently an appreciable interval between the end 
of the ventricular systole and the closure of the semilunar 
valves, during which the retrograde blood-current is arriving at 
sufficient velocity to enable them to act ; but if Marey*s law of 
the relation of blood potential and rapidity of heart's action 
is correct, we are justified in going much further, and saying 
that the quicker the pulse, the more slowly do the aortic valves 
close: for, the greater the blood potential, the sooner does 
the heartward current become sufficiently rapid to close the 
valves, whose hydrodynamical relations are not otherwise modi- 
fied by the rate. 

From these considerations, combined with the fact, in quick 
pulses, that just before the rise / originates the trace loses 
its jerky character, it is most probable that the ventricles cease 
contracting just before the commencing rise / (at the end of 
the fall d in Figs. L II.), and that the whole of the time occupied 
by the rise and fall / is employed in generating the retro- 
grade current to close the valve, the change in direction of the 
curve being produced, first by the relaxation of the heart caus- 
ing it to advance, and then by the partial collapse of the aorta 
causing* it again to retire. This rise and fall is also clearly 
shewn in Fig. IL /. 
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It can be seen in Fig. TV. that in the pulse of 90 the undu- 
lation / is not so loDg as in the quicker ones, and in the slow 
cunres it is shorter still, but the want of sharpness and the 
blending of the neighbouring rises prevent any accuracy being 
attainable in the latter cases. 

The immediate effect of the closure of the semilunar yalves, 
at the end of the faliy^ is to cause a check to the descent of the 
lever (g), as the aorta is no longer emptying itself heartwaids ; 
but this is very soon counteracted by the consequent reple- 
tion of the coronary arteries^ which, as can be easily shewn on 
the post-mortem heart, increases the diameter of the ventricles 
and makes them recede, drawing the apex back, further than 
during any other part of the revolution. During the rest of 
diastole, other minor forces come into play which are not easy 
to trace. 

Figures vil. vill. IX. are given to shew that under different 
conditions the various rises and falls may be made to assume 
different degrees of importance. In Fig. Yin. where the greater 
part of the weight of the heart rests against the chest-wall, it is 
particularly to be noticed that the fall after g, before which the 
Kcmilunar valves close, commences from the very top of the 
trace, shewing that the main force by which the heart is made 
to recede, which from the great length of the down stroke must 
be considerable, does not commence until after the closure of 
the aortic valve, which supports the theoiy of the cause of the 
active ventricular diastole noticed above. 

A superficial examination of cardiograph tracings is suffi- 
cient to convince the observer that when the heart beats slowly 
the first part of the revolution, namely, from the commencing 
systole until the closure of the semilunar valves, bears a 
smaller ratio to the whole than in quick pulses. This led the 
author to make a series of measurements of these ratios, on the 
assumption that the ventricles commence to contract at the 
origin of the main rise, and that the semilunar valves close at 
the end of the fall/. 

^ That thd active diastol6 of the ventricles results from the congestion of the 
coronary vessels was discovered by Brilcke ; and I regret that my ignorance of his 
observations, published in Sltzungberichte der Wiener Akad. der WUs, Nov. 
1854, vol. xrv, p. 345, prevented my referring to them, in a paper on the same 
subject, in this Journal for May, 1839. 



CARDIOGRAPH TRACINGS FROM THE HUMAN CHEST-WALL. 23 

To ensure accuracy, the trace was placed on a flat piece of 
wood, to which was attached a ledge, along which it could 
be made to slide, A lever with a steel point was also in con- 
nection with the instrument, in such a way that when the 
tracing rested on the ledge, the steel point produced scratches 
on the paper, similar to those produced by the sphygmo- 
graph pen. 

By this means, the parts of the curve under consideration 
can be all projected on to one straight line and their relative 
lengths measured with facility. Fig. x. is a trace so prepared 
for measuring, and this arrangement is necessary on account of 
the sphygmograph lever moving in part of a circle instead of 
quite vertically. Further, to diminish inaccuracies in the 
watchwork movement all the pulsations on a trace were mea- 
sured, and their average taken as the result. 

It was soon found that, with a given rapidity of pulse, the 
ratio of the first part of the heart's revolution to the whole did 
not vary appreciably, when traces were taken in any given posi- 
tion, but that when standing or sitting ihQ first part was longer 
than when lying. 

Further, on comparing traces of different rapidities, it was 
found that the length of the first part varied very definitely, 
inversely as the rate; not so quickly, but as its square root: and 
the number of measurements that have been made seems to 
justify the law, that in healthy the length of the first part of the 
hearts beat varies, for a given position of the subject, inversely 
as the square root of the rapidity. 

This result differs from that of Donders^ who found that 
the length of the first part did not vary with different rates of 
heart's action ; but his means were much less efficient, he having 
to depend on the registration by the hand of the first and 
second cardiac sounds. 

All the facts on which the above law is supported are given 
in the accompanying table, in which they are thrown into the 
co-ordinate form, one co-ordinate, x, representing the rate of 
pulse, and the other, y, expressing the number of times the 
first part of the revolution is contained in the whole. The 

1 ♦* On the Rhythm of the sounds of the heart." By F. C. Bonders. 1865. 
Translated into the Dublin Quarterly Journal of Medical Sciencey Feb. 1868 
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observations made while lying are represented by a cross (x), 
when semi-recumbent these are encircled (®). The encircled 
dots (0) indicate that the position was sitting, and the standing 
ones are erect encircled crosses (®). 

The simple dots are either from sitting or standing obser- 
vations, but it is not certain which, as note was not taken at 
the time. 

For example, the measurement of two heart traces, one 
at 41 a minute while lying, and another at 141 when semi- 
recumbent, gave in the former case the ratio of the first part 
to the whole revolution 1 : 3*4125, in the latter, 1 : 1*832; the 
length of the first part is found by multiplying the rate into 
the number of times the first part is contained in the whole, or 

the X by the y, when — is the required result. 

xy 

Thus 41 X 3-4125 = 139*9125, say 140 ; 

141x1-832 =258-312; 

and V41 = 6*4, about ; V141 = 11*88, about ; 

and 6*4 : 11-88 :: 140 : 259*9, about ; 

which is very near the required numbers. 

If xy varies as the square root of x this can be stated thus, 
xy^htjx'y h being a constant for any given position. Taking 
one of the above case^ x equalling 41, xy = 140 ; consequently 
^ = 22 nearly, which includes, within the limits of experimental 
error, all the measurements that have been made of traces 
taken while lying. When sitting or standing the results are not 
' quite so uniform, as may be seen in the table, on which the 
equation curves have been drawn with & = 22 and also = 20 : 
the latter, the lower one, passes through or approaches most of 
the sitting and standing observations. 

To find the duration of the ventricular systole is very im- 
portant, but not at all easy in many cases. In all rapid pulses, 
measuring from the commencement of the main ascent to 
the point from which the rise / originates, and which can 
scarcely be anything but the termination of the systol^ it has 
been found that that interval is contained 3*4 times in each 
revolution. In Tig. IV. the trace of 87*5 a minute (rare from 
being very detailed), it is found that between the same points 
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the ratio to the whole is 1 : 3*3965^ which is very near the 
former result. In slower pulses it is not easy to find an origin 
for the rise/, but if, as must be the case when the pulse is at 
40 (its limit of slowness), the arterial tension is at its maximum, 
the rate of closure of the aortic valve must be at its maximum 
also; and the whole first part almost entirely occupied by the 
true systold When such is the case the equation xy = hfjx 
with A; = 22 is satisfied by y being equal to 346 (about), which 
is curiously near the relation found in quick pulses, and tends 
strongly to shew, though these are all the grounds for it, that 
the length of the systole of the heart is always a definite part 
(^th) of the whole pulsation, whatever its rate. 

The traces from which the preceding observations have been 
made were all taken on myself, and the repetition of them by 
others at different rates of pulse would be a means of verifying 
or a cause for rejecting the results arrived at. The chief sources 
of error in finding the ratios given above, lie in the watchwork, 
which if not going at an exactly similar rate each time it runs, 
gives the rapidity of the heart incorrectly. Also, on starting, 
its speed augments for a short time and then decreases, both 
which cause variations from the true results. 

By taking a trace after having remained some time in the 
hot room of a Turkish bath very rapid pulses can be recorded, 
up to and above 150 a minute in health, without the least in- 
convenience. Very slow pulses can be produced by lying nude 
some time in a cold air, or by drinking iced water, especially 
when nude. 
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Description of the Figures. 

They were all taken one half the size here represented. Except 
Fig. IX. they read from left to right. 

Fig. I. Apex trace of a heart beating 125 times a minute. 

Fig. II. Trace of a heart beating 125 a minute, ^ an inch inter- 
nal to the apex beat. 

Fig. III. Apex trace of a heart beating 88 a minute. 

Fig. IV. Trace between 6th and 7th ribs, below the apex, of a 
heart beating 88 a minute. 

Fig. V. Apex trace of a heart beating 76 a minute. 

Fig. YI. Apex trace of a heart beating 50 a minute. 

Fig. VII. Apex trace of a pulse of 90 a minute, taken with 
a lever 2 inches long, attached to the 8phygmograph pad by a thread. 

Fig. VIII. Apex trace of a pulse at 60 a minute, taken wh^u 
the body was inclined forward. 

Fig. IX. Apex trace of a pulse at 42 a minute. It reads from 
right to left. 

Fig. X. Apex trace of a pulse at 103 a minute, prepared for 
measuring. 



THE VARIETIES OF THE STYLOID MUSCLES. By 
Alexander Macalister, Professor of Zoology^ cmd Di- 
rector of the Mvsemay University of Dublin, 

Some time ago Mr Lawson Tait of Wakefield did me the honour 
of sending me notes of several interesting muscular anomalies 
observed by him in the neck of a male subject, which notes 
were published in the last number of the Journal. A press of 
unavoidable engagements prevented me at the time from ex- 
amining my notes of the bibliography of the subject with any 
degree of care; but I have employed a few leisure moments 
since in collecting the described irregularities of one group of 
muscles specially concerned in Mr Tait's paper, viz. those arising 
from the styloid process; and I purpose, in the present notice, 
to tabulate as many of these as have come under my obser- 
vation. 

Of the three styloid muscles the stylo-hyoid is that most 
prone to vary, the stylo-glossus next, and the stylo-pharyn- 
geus is the least liable to anomaly. 

The stylo-hyoid is subject to the following varieties. Ab- 
sence of it is described by Hallett and Bohmer ( Obs. Anatom. 
Bariorum, Praef. Fascic. Alter. Halse, Magdeburgh, 1702, p. v.). 
The former author describes its absence as occun-ing once in 
two hundred cases. Between the tendon of origin of this mus- 
cle and the styloid process, Sommerring and Cloquet describe 
a bursa as existing (De Corp. Humani Fdbrica, Tom. iii. p. 
118), but this I have not found to exist with a sufficient degree 
of frequency to lead me to regard it as a normal arrangement. 
A double stylo-hyoid muscle in which the two parallel muscles 
are nearly similar in attachments has been seen by Eustachius 
(Tab. XLI. fig. 5), Bidloo (Tab. XIV.), Santorini [Observationes 
Anatom.y Venet. 1724, p. 117), Wistar {Anatomy, Pennsylvania, 
1823, p. 189), and Albinus; in these cases the relation of the 
two parts to the digastric tendon is not specially referred to, 
but cases in which the normal stylo-hyoid was completely split 
for its entire length, for the transmission of the digastric ten- 
don, have been seen by M^'Whinnie and myself. I have like- 
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wise seen it undivided and passing behind the digastric tendon 
as described by Hallett. Much rarer, I think, is the form de- 
scribed by Sommerring, which I have also met with, in which 
the entire muscle passes in front of the digastric. A singular 
form of the muscle in which the two slips were inserted, one 
into the front and the other into the back of the digastric ten- 
don, has been seen, and is described by Ealler {EUm. Physiol. 
III. 416), M^Whinnie, and myself. 

Many forms of second stylo-hyoidei are on record : one fr6m 
the tip of the styloid process is described by Courcelles and 
Boyer (ZV. Complet d*Anat, Paris, 1815, p. 87); one from the 
base of the process by Tait, as above referred to. Another form 
of this stylo-hyoideus alter is in the form of " an elegant small 
muscle" (Drake, Anthropographia, Book III. ch. 17) replacing 
the stylo-hyoid ligament; instances of this have been seen by 
Weitbrecht {Comment PetropoUt, ix. 256), Blandin {Nouveau 
EUm. d^Aruit Descriptive^ 1838, p. 374), and by myself A 
somewhat similar instance is described by Gavarde as the petit 
stylo-hyoidien, passing from the tip of the styloid process to the 
lesser comu of the hyoid bone, but the author does not mention 
whether it accompanied or replaced the stylo-hyoid ligament 
{Traite de Myohgie suivant la M^ihode de Desault, Paris, An. 
VII.). Santorini likewise mentions having seen a stylo-hyoid 
with a normal origin inserted into the apex of the lesser comu 
of the hyoid bone {Obs. Anat, Venetiis, 1724, p. 117). A stylo- 
hyoideus alter inserted into the cartilage triticea is described 
by Petsche (Haller's Disput, Anatom. Select, VI. 767, and 1745, 
p. 107). 

A second head for the normal stylo-hyoid from the angle of 
the jaw I have once met with, and my friend Mr Kelly, for- 
merly Demonstrator of Anatomy at the Royal College of Sur- 
geons, has communicated to me an instance of this kind. I 
have also seen this slip nearly detached from the rest of the 
stylo-hyoid. A still more curious slip I found (Nov. 1868) 
arising along with the stylo-hyoid and inserted into the angle 
of the jaw, forming a perfect stylo-maxillary muscle. A similar 
case is described by Mayer (ill. 547). This muscle lay on the 
stylo-raaxillary ligament. Slips of union from the omo-hyoid to 
the stylo-hyoid have been recorded as existing by Sommerring 
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(p. 113), and the same author describes a slip from the stylo- 
hyoid ligament to the genio-hyo-glossus (p. 123). Another 
curious case of complexity is described by Mr Wood, in which a 
separate styloid fascicle of muscular fibres joined the posterior 
belly of the digastric, and this co existed with the insertion of 
the stylo-hyoid into the digastric tendon. A case of triplicity 
has been seen by Prof. Wenzel Gruber of St Petersburg; but, as 
far as I am aware, no other case has as yet been seen. The 
last variety of importance with which I am acquainted is the 
existence of a slip from the posterior border of the muscle pass- 
ing under the hyo-glossus into the tongue. 

The stylo-glossus normally occupies the lowest place in point 
of origin from the styloid process; and Cloquiet states that it 
chiefly arises from the stylo-maxillary ligament (p. 285). Har- ' 
rison describes it as arising from the inner side of the process 
near its point {Dublin Dissector, p. 38). Gray states that it 
arises from its anterior and outer side (p. 222). To this origin 
a second head is not unfrequently superadded from the stylo- 
maxillary ligament separate from the styloid head; 2nd from 
the inner surface of the internal pterygoid muscle (Moser, Ar- 
chiv fii/r Anat vii. 226); 3rd as a fibrous slip from the angle 
of the lower maxillary bone (Riolan, p. 74, Winslow, p. 519); 
or 4th from the angle of the jaw as a fleshy band (Douglas, 
Theile). Of these forms I have seen the firat and fourtk This 
second head may send some fibres into the stylo-hyoid; or, as 
before described, may unite solely with that muscle, but this is 
very rare ; occasionally it may pass separately into the tongue, 
forming a mylo-glossus, as described by Hallett and Wood. A 
double stylo-glossus consisting of two parallel bellies has been 
described as occurring on both sides by Courcelles, Cheselden, 
Haller, Meckel, and M® Whinnie, and in the form of two laminae 
one superposed on the other, it is described by Fallopius {In- 
stitut, p. 56). It has been seen sending deep fibres to interlace 
with the genio-glossus (Portal, Cours cFAnat-MMicale). San- 
difort describes it as having been found cleft in one case, one 
slip passing to its normal insertion, and one into the pharynx 
{Exercitationes Anat, Lugd. Batav. 1753, c. 6, p. 81). Its ab- 
sence on one side was noticed by Albinus; on both sides by 
Bohmer {loc. cit p. 6). In this case the other styloid muscles 
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were larger than usual; but in a case of the kind seen by 
Quain the stylo-hyoid and pharyngeus were of normal size. I 
have not included in the list of anomalies of this muscle the 
muscle of Duverney or the stylo-auricularis of Hyi*tl; for a 
complete description of which see Herde u, Pfeufer's Zeitschrift, 
3, Reihe x, Heft 3, p. 368, as this should not be enumerated as 
a part of the stylo-glossus. 

The stylo-pharyngeus has been found double by Mr Wood 
as well as by Bohmer (Institut OsteoL, p. 117, and Obs. Anat 
Bar., Praef. p. 26). In these cases both slips have the same 
insertion. In one instance Fallopius found a separate slip of 
this muscle inserted along with the stylo-glossus into the tongue. 
The same author has seen the entire of this stylo-pharyngeus 
passing to be inserted into the os-hyoides (loc. dt, p. 75), or 
a slip of a normal stylo-pharyngeus may pass to the hyoid bone. 
Valsalva [Upist Anatom. II. 4) and Morgagni {Adversar. Anat 
I. 4) have described cases of this, and Santorini has found a slip 
passing from the stylo-pharyngeus into the thyroid cartilage 
(op. dt. p. 125). A few fibres have been traced by Walther 
into the epiglottis in one instance (Haller's Disp. Anat Select, 
Getting., VoL i.). A slip has been traced to the glottis by 
Girardi (Oratio de re Anatomicd, Parmae, 1781, p. 36, note 1). 
When the fascicle to the thjrroid cartilage is separate it is called 
by Luschka the stylo-laryngeus. 

A remarkable triple stylo-pharyngeus is described by Haase 
{Myotomice Specimen de Musculis Fharyngis, Lipsiae, 1784, p. 
13) in which slips were traced, one to the uvula, one to the 
epiglottis, and one to the thyroid cartilage : another triple con- 
dition is described by Blandin {loc, .dt p. 383), one portion of 
which, coming from the spine of the sphenoid, is a true cephalo- 
pharyngeus, the second passes between the middle and the in- 
ferior constrictors of the phrarjmx, and the third separates the 
middle from the superior constrictor. An accessory head has 
been described for this muscle by Prof Luschka of Tubingen, 
passing from the mastoid process between the kerato and chon- 
dro-pharyngeus to join the rest of the normally arising stylo- 
pharyngeus. 



ON THE VAMETIES OF THE PBONATOR QUADRA- 
TUS. By Alexander Macalister, Professor of ZodU)gy 
in the University of Dublin. 

The pronator quadratus, like many other muscles which are 
very definite in course and action, is singularly free fit)m variar- 
tion, and, as far as I am aware, there are very few anomalies 
of it described in anatomical works : Otto and Meckel describe 
cases in which it was suppressed. Blancard {Antxtomia Re- 
fcn-mata, LugA Batav. 1695) figures it as triangular with an 
apical tendinous, radial insertion, and Biverius (De Dissectione 
partitmi Corporis Humanis, Paris, 1545, p. 316) also represents 
it of this shape. Mr J. R Barton, of the Philadelpliia Hos- 
pital, has described a variety in which the muscle was divided 
into two triangular pieces whose apices were placed in opposite 
directions (Homer^s Special Anatomy, I. 426). 

In the Dublin Boyal College of Surgeons' dissecting room I 
have met with several varieties of this muscle, some of which 
are not to my knowledge on record ; and sketches of these 
I exhibited at the last meeting of the British Association at 
Liverpool (September, 1870). They were the following : 

1. A triangular condition of the muscle similar to that 
described by Biverius and Blancard as above described; this 
form I have found with, or more commonly without a tendi- 
nous radial insertion, the radial attachment in two out of three 
cases was fleshy and not tendinous. In all the cases in which I 
have seen this triangular form, the apex has been radial and 
the base ulnar. 

2. A bi-laminar condition of the ordinary muscle ; this, I 
think, is a rare condition, but is referred to by Meckel, and in 
the only case in which it occurred simply the superficial lamina 
had a more extensive ulnar than radial attachment, and conse- 
quently its fibres sloped downwards and outwards, while those 
of the deeper layer passed directly across^ or sloped gently in 
the opposite direction. 

3. A bi-triangular form similar to that described by Dr 
BartoU; as above quoted ; in this instance the upper division had 
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an ulnar base and a radial apex^ and the inferior had a radial 
base and an ulnar apex. 

4. A trifid variety, in which the upper slip was triangular, 
with its base at the radius and its apex at the ulna ; the middle 
portion was on a deeper plane and more nearly transverse in the 
direction of its fibres, while the inferior part was also triangular, 
with an ulnar base and a radial apex. Two specimens of this 
variety have fallen under my notica 

5. A trifid variety, in which the upper triangle completely 
overlay the middle deeper part, and had to be removed to 
exhibit it ; the inferior triangle was as in No. 4. 

6. A normal pronator quadratus, having below it a short 
small separate slip inserted into the sacciform capsule of the 
inferior radio-ulnar joint, and by a few fibres into the anterior 
ligament of the wrist-joint. 

7. A triple condition in which the upper part had a radial 
base and an ulnar apex ; the middle was, as in No. 5, deeper in 
plane and nearly transverse in direction ; and the inferior, a 
small separate slip, arose from a little less than the lower half- 
inch of the anterior surface of the ulna, and was inserted by a 
narrow slip of tendon into the deep portion of the anterior 
annular ligament at its trapezial attachment. This variety re- 
sembled No. 4, but the insertion of the tendon of its inferior 
part extended towards the carpus. 

8. The most remarkable of all the varieties met with was 
one in which the entire muscle, arising from the ulna as usual, 
passed outwards and downwards ; all the fibres converging to a 
tendon which commenced near the centre of the muscle. This 
tendon crosses the anterior margin of the carpal end of the 
radius, and the anterior ligament of the wrist-joint, and ends by 
sending slips into the scaphoid, the trapezium, and the anterior 
annular ligament ; a few scattered fibres extending as far down- 
wards as the metacarpal bone of the thumb. This curious spe- 
cimen I have presented to the Museum of the Royal College of 
Surgeons in Dublin, where it is preserved. 

9. A case of a simple bi-laminar muscle, in which the 
deeper layer was attached, not to the surfaces, but merely to 
the interosseous margins of the ulna and radius, and thus pos- 
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sessed very short fibres; the superficial lamina was perfectly 
normaL 

I have found these varieties commoner in the female than 
in the male, and in the left than in the right arm. I have never 
found them symmetrical; of the entire series Nos. 6, 7, and 8 are 
the most interesting, as showing the gradations of this muscle 
from its normal human forearm condition to the state of a 
muscle acting on the carpus. In No. 8, it presents the appear* 
ance of being a perfectly symmetrical antithesis of the extensor 
08818 metacarpi pollicis, and reminds us forcibly of the rare 
anomalous internal peroneo-calcanian muscle which I have else- 
where described. 



CONTRIBUTIONS TO THE CELL-MIGRATION THEORY. 
By Richard Caton, M.D., (Edin.), Hmorary Assistant 
Physician to the Liverpool Infirmary for Children, Plate 
IV. 

(Mead at the Meeting of tike British Association in Liverpool, 

Sept 1870). 

The important facts in the physiology of the Blood Corpuscles, 
bearing on their migration from the blood-vessels, and their 
relations to the corpuscles of inflammatory lymph, pus or 
mucus, which, though investigated by Dr Wm. A-ddison in 1842, 
and demonstrated by Dr Augustus Waller in 1846, remained 
unconfirmed and almost forgotten, until their re-discovery by 
Prof. Cohnheim in 1867, have at length become so far familiar, 
that it is. scarcely needful, in bringing forward further re- 
searches, to dwell on their early history at any great length. 

It may however be well briefly to call to mind one or two 
of the leading points in the memoir by Professor Cohnheim, 
which anew directed attention to the subject, and formed a 
fresh starting-point for investigators \ 

The study of suppuration in the cornea of the frog first led 
this author to the opinion, that the pus-cells were not formed 
in the inflamed part, but migrated thither from the vessels. 

In order to test this theory, observations were made on the 
mesentery of the frog ; and here, when inflammation had been 
excited by access of air, or by the application of chemical irri- 
tants, the white corpuscles could be seen accumulating in great 
numbers in the veins, and ultimately migrating into the tissues. 
The process was found to commence in from four to fifteen 
hours after the exposure of the mesentery, and the time occu- 
pied by the escape of each cell was, on the average, about two 
hours, though liable to great variation. Migration of the red 
corpuscles was also observed. 

The author supposed that the red corpuscles were forced 
out by the pressure of a congested state of the vessels, and that 
the colourless ones pierced the walls by means of the amoe- 

^ A list of papers referred to is giyen at the end. 
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bold movements with which they are endowed. From these 
observations he drew the important conclusion, that pus-cells 
are in all cases migrated white blood-corpuscles. 

The great importance of these views naturally induced seve- 
ral physiologists and pathologists to repeat Cohnheim's expe- 
riments. Prof. Strieker of Vienna, Dr Kremiansky of St 
Petersburgh, Dr Charlton Bastian of London, M. Hayem of 
Paris, Dr Woodward of New York, and others, have made care- 
ful series of observations on the inflamed mesenterv of the 
frog, with the result of confirming the description of cell-migra- 
tion given by Cohnheim. On the other hand, Prof. Balogh of 
Pesth, and Dr Felts of Strasburg, have failed to see the 
migration. 



In this paper, I shall first briefly give the results of a 
considerable number of original experiments on the mesen- 
tery of the frog, conducted in the mode described by Prof. 
Cohnheim, the frogs having been always previously paralyzed 
by the subcutaneous injection of woorali. 

In those experiments which can be considered to have been 
successful, viz. in which the frog survived for a sufficient length 
of time after the exposure of the mesentery, the phenomena 
noticed were — 1st: a slight dilatation of the vessels. The 
mesentery became perceptibly redder to the naked eye, than 
at the moment of exposure. For some time, quickening of 
the circulation was generally noticed. 2nd : a gradual retard- 
ation of the blood-flow, commencing in the veins and capil- 
laries ; movement continuing longest in the arteries ; and when 
complete stasis had occurred in the veins and capillaries, ad-, 
vance and regress of the corpuscles in the arteries, correspond- 
ing with every systole and diastole, have sometimes continued 
for two or three hours : considerable congestion always took 
place. 3rd : when first observed after the operation, the white 
ceUs were being carried along in the general stream; in the 
veins generally occupying the " lymph-space," where they could 
be traced rolling along at a somewhat slower pace than that of 
the red globules. After a time, the white corpuscles became 
less regularly circular in outline, and shewed a tendency to 
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adhere to the wall of the veins ; later still, large numbers of 
the white cells were deposited from the stream and covered 
the surface of the veins, and partially so of the capillaries. 
When the arterial current became slow, a few were also seen 
deposited in the arteries. The spontaneous or amoeboid move- 
ments were now exhibited with considerable activity. 

These appearances were seen in every frog which survived 
for a sufficient length of time after the exposure of the mesen- 
tery, and, in the majority of instances, nothing further oc- 
curred. 

When commencing these observations, I operated on nearly 
a dozen frogs in succession, without seeing anything further 
than has now been described, notwithstanding that a most 
careful watch was kept on the mesentery, until the death of 
the frog, viz. from four to twelve or fourteen hours. 

This failure I can only attribute, partly to defects in the 
method of operating, during at any rate the first few obser- 
vations, such as the use of too large a dose of woorali ; but chiefly 
to the fact, that nearly all these experiments were made in 
winter on hybernating frogs. During this time, the frog does 
not feed, even if hybernation be interrupted, and has but little 
iwtivity and vigour. 

After this long succession of laborious and unsuccessful 
experiments, when operating late in the spring, on strong 
healthy frogs, the migration was at length seen. In place of 
giving any general description, I will copy the notes of a single 
experiment, in the course of which the migration was very 
distinctly seen. 

A strong active frog weighing between seven and eight 
drachms, captured on the day previous, being chosen; two and a 
half minims of woorali solution (one grain to the ounce) were 
injected under the skin of the back with a morphia syringe, 
at 10.45 a.m.: at 12, pulse 48; frog becoming paralysed: 12.50, 
p.m. pulse 44, paralysis complete: 1 p.m. peritoneum opened; 
no haemorrhage from the incision ; a part of the large gut with- 
drawn : 1.30, stasis occurring in a few capillaries : in the re- 
maining vessels the current is so rapid, that individual cells 
cannot be distinguished. 1.40, pulse 80; arteries dilated: 6 p.m., 
pulse 56, current in the vessels is now much slower; a large 
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accumulation of colourless cells has taken place in the " lymph- 
space" of the veins. 6.45, the effects of the drug are seen to 
be subsiding: two minims more injected. 10.30, pulse 54; 
stasis has occurred in most of the capillaries ; an active current 
still flows through the veins and arteries ; the migration of a 
few white cells is seen to be commencing. 11.20, stasis occur- 
ring in all the vessels. 1 a.m., frog dead. 

At the upper part of the plate accompanying this paper, 
will be found a series of sketches of the stages of migration of 
one of the cells watched during this experiment. I select this 
particular cell, because, as sometimes happens, the whole was 
visible during its transit {i,e. the part within the wall, as well 
as that protruding externally) ; this cell also contained two 
distinct granules, which made its identification more than 
usually easy. At 10.30 p.m., I first noticed a process from 
the corpuscle, apparently protruding into the substance of the 
wall of the vein. Ten minutes later, this process was seen to 
project slightly beyond the external margin of the wall ; at 
11 p.m., the projecting part had increased, and one of the two 
granules was seen to be, for the first time, lying external to the 
wall. A quarter of an hour later, both granules were in sight 
externally. The later stages were slower than the earlier : at 
11.40 the cell had only a slight attachment to the wall, and at 
12.20 a.m. appeared wholly free. 

I have never yet been able to see the migration of large 
numbers of colourless cells in progress at the same time, nor yet 
the migration of the red corpuscles. With these exceptions, 
which may be accounted for by the comparatively small number 
of observations made, the appearances seen in the inflamed me- 
sentery of the frog, have been in accordance with Cohnheim's 
description. 



In addition to the investigations made on the mesentery of 
the frog, by the authors above named, several of them have also 
examined the transparent membranes of other animals, with 
the same object. Dr Kremiansky studied inflammation in the 
wing of the bat, and in the mesenteries of the dog and rabbit. 
The mesentery of the mouse, the tongue of the frog and of the 
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toad, have also been examined in search of ''auswanderung;" 
but though the process has been traced in all these, it has been 
^ith less distinctness, than in the mesentery of the frog. Two 
of the most important vascular membranes had not been ex- 
plored, viz. the tail of the fish, and that of the tadpole. The 
study of these was doubtless prevented by the special difficul- 
ties which attend the microscopic examination of animals 
breathing by gills. Having contrived a simple stage-trough 
(described in the July No. of the Qiuirterly Journal of Micro*' 
scopic Science,) which enabled the fish or tadpole to be studied 
with great ease, I began a series of observations on each, and 
shall now briefly give the results^. 

The Fish. 

The earlier stages of the inflammatory process in the fish, 
on the whole, resemble *those in the frog. There is greater 
activity in the amoeboid movement of the colourless cells, and 
these adhere to the walls of the veins in the same manner. 
One peculiarity is worthy of mention, viz. that congestion is 
not seen to occur to the same extent, as in batrachians and 
mammals. The vessels, especially the veins, are not seen so 
much engorged with corpuscles. It seems not improbable that 
the reason of this is to be found in the peculiarity of the heart. 
The motive power is placed further back in the circulation; all 
the suction of the auricle and the propelling force of the ven- 
tricle are exerted on the venous side of the branchiae, instead 
of being partly on the one side and partly on the other. The 
effect of this arrangement may be that congestion takes place 
in the branchial rather than in the systemic circulation. This 
point has some little interest, in connection with the rationale 
of migration, to be considered presently. 

During a long series of experiments on inflammation in the 
fish, a process like suppuration in higher animals, was observed. 
Cells resembling white corpuscles were formed in the stroma, 
or, after removal of the epithelium, on the surface of the mem- 
brane; and, when inflammation went on to a destructive ex- 

^ Since making these experiments, I have learned that Prof. Strieker and 
other Vienna pathologists, have recently studied migration ip the tadpole. 
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tent, the tissues were seen to break down into a cellular d^ris 
resembling pus. Notwithstanding close and long-continued ob- 
servation, "auswanderung" was never seen to take place. The 
walls of the vessels are more transparent than those of the frog, 
a clearer view is obtained, and observation is altogether easier, 
so that had migration occurred, it would probably have been 
seen. 

The frog is apt to die before inflammation is sufiBciently far 
advanced, and thus failure may easily occur; but in the fish, the 
inflammation produced is not fatal. In many instances I have 
traced it for two or three days consecutively in the same 
specimen. 

One of the most noteworthy facts observed, was the appear- 
ance, during inflammation, of a system of delicate lines having 
a distinct double contour, running usually at right angles to the 
course of the large vessels. They are quite invisible in the 
healthy condition ; possibly they may be minute lymphatics, or 
a " saftkanalsystem," in connection with the blood-vessels. I 
have succeeded in mounting and preserving specimens which, 
after the lapse of six or eight months, still show these lines 
with tolerable distinctness. 

The study of inflammation in the fish is very interesting. 
As however cell-migration apparently does not occur, I shall 
not, in this paper, enter into any further description. 

The Tadpole. 

Migration of blood-corpuscles, red and white, may probably 
be said to have its maximum activity in the tadpole. The pro- 
cess takes place to so great an extent, that, when commencing 
observations on the tadpole in April last, I was almost in doubt, 
whether or not migration might possibly be a physiological oc- 
currence, and be connected in some way with the nutrition of 
the tissues. 

Kolliker appears to have been the first to observe the escape 
of corpuscles from the vessels of the tadpole, though his inter- 
pretation of it was apparently mistaken. His remarks are thtis 
summarised by Todd and Bowman {Physiol. Anat. p. 277): 
'* He. found that when the current of the blood was regular, 
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there was no appearance of communication between the two 
orders of vessels (lymphatics and blood-vessels); but that when 
the circulation was excited and tumultuous, owing to the con- 
finement of the tadpole under glass, blood-corpuscles escaped 
more or less readily from the blood-vessels into the contiguous 
lymphatics ; and in several instances ho was able to detect actual 
communications between lymphatics of the finest kind, and the 
network of capillary blood-vessels." "After careful enquiry, 
however, he concludes that these junctions are due to rupture» 
or perhaps in some cases to primitive abnormal formation." 

In a congested state of the circulation, corpuscles rapidly 
escape from the vessels at any part of their course. Occasion- 
ally one is seen, passing out exactly at the point where one of 
the large stellate corpuscles, figured by KoUiker, chances to ap- 
proach the vessel; but so large a number are seen escaping at 
points where there are no such stellate corpuscles, that the 
former conjunction is evidently a mere chance, and does not 
indicate the passage of a cell from the blood into the lymph- 
<;hannels. 

It is less easy to excite inflammation in the tadpole than 
in the frog or fish. The vessels have indistinctly defined walls, 
ajid appear as though they were little more than channels hol- 
lowed out in the jelly-like substance of the tail: the delicacy 
of organization is so great, that extensive rupture of the vessels, 
and extravasation of blood, is apt to follow injury to the tail. 
The animal, moreover, can only be kept under the microscope 
for about three hours at a time, and seldom survives a second 
examination. The whole course of the inflammatory process 
cannot therefore be studied so well as in the frog or fish. For- 
tunately this is not needful for the purpose of observing the 
migration. The occurrence of the latter process is liable to 
great irregularitj'; in some cases considerable irritation fails to 
bring it on, in others it takes place spontaneously and very 
early after the animal has been placed on the stagfe. 

Iny i.terfe,«»e wi«> «>. Zam of ,eno„. ^cd, pr«iuce. 
migration of red corpuscles very quickly, just in the same man- 
ner as Cohnheim has shown to occur in the foot of the frog 
when the femoral vein is tied. If any injury, or the irritation 
produced by a constrained position, has produced that peculiar 
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softened and plastic condition of the white cells in which they 
adhere to the walls of the veins, and if a coating of white cells 
has in consequence lined the veins before congestion occurs, 
the white cells migrate in place of the red. It is not uncom- 
mon to see, at the same time, white cells escaping from a vein, 
and red ones from another vessel adjoining. 

The sketch occupying the lower part of the plate, was drawn 
from a tadpole in which " auswanderung" of both forms of cor- 
puscles, was in active progress. The animal— which was rather 
weakly, from having been kept for two months in a tank — was 
put into the stage-trough at 4 P.M. That portion of the tail 
represented in the sketch, contains a medium-sized forked vein 
crossed, at its upper part, by a large capillary which arose 
from an artery near at hand. When first seen, the circulation 
was proceeding naturally in both vessels, being more rapid in 
the capillary; white cells were seen rolling along in the usual 
manner in the lymph-space of the vein. External to the ves- 
sels, were seen the ordinary stellate corpuscles of the tadpole. 
Nothing resembling a blood-cell was to be seen in the paren- 
chyma. 

At 4.30 circulation was becoming more rapid, and colourless 
corpuscles were beginning to adhere to the wall of the vein. 
At 5 the vein was becoming closely lined with white cells. At 
6 p.m. congestion had occurred in both vessels somewhat sud- 
denly. A slow current still traversed the vein, but stasis had 
occurred in the capillary. Active migration of large numbers 
of white corpuscles was seen to take place from the vein. The 
capillary had become so much congested, that few cell outlines 
were to be seen in it. Numerous yellow button-shaped and irre- 
gular prominences were observed forming on its sides and upper 
surface. One or two small extravasations occurred, as seen on 
the right-hand side of the drawing. The mode of formation of 
these extravasations is very peculiar. Essentially they are the 
same as the other smaller prominences, and commence in the 
same way. A little button-shaped body, as I have said, is seen 
to form on the surface of the vessel ; this increases, becoming 
globular. Secondary prominences form on the surface of this ; 
they in turn enlarge, and give rise to similar off-shoots, until a 
mass is formed, like that seen in the drawing. The red cor- 
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puscles are soft jelly-like bodies, and readily take any form 
impressed upon them. When escaping from the vessels, they 
become more or less spherical, probably in consequence of the 
resistance of the tissues into which they have penetrated. These 
extravasations are sometimes seen to extend with great rapidity, 
being evidently fed from the original aperture opposite which 
the first little prominence was seen. 

The white corpuscle appears in some cases to pass out 
through a very small aperture, to judge by the diminutive size 
of the first protruding part, and the narrowness of the neck 
which, a little later, is seen to join the part within to the part 
without the vessel. In other cases it has seemed as though 
the cell sank through the wall, without undergoing much change 
of form, in the manner which Dr Bastian has stated to occur 
sometimes in the frog. 

The migration of colourless cells takes place more rapidly 
in tadpoles which are debilitated and aflfected with parasites 
from having been long in a tank and kept on artificial diet. 
While examining specimens in this condition, I have observed 
one really interesting and important fact, viz. the apparent 
occurrence of migration of red and white ceUs, in the absence of 
local inflammation, 

A number of tadpoles of the frog and toad, which have 
been in captivity nearly three months, are found to exhibit 
this interesting phenomenon almost every time they are ex- 
amined. However carefully everything approaching to injury 
or irritation of the tail is guarded against while the tad- 
pole is being placed in the trough, in less than an hour, as a 
rule, both red and white cells begin to migrate. 

After being for a little time in the stage-trough, the re- 
straint consequent on being laid on its side, with a cover- 
glass resting on the tail, appears to produce a slightly feverish 
Condition of the tadpole, the heart acts more quickly, and by 
degrees the white cells are deposited in the veins. Respi- 
ration can of course scarcely be expected to be quite so easy 
when the animal is in the trough, b& when free ; and this is 
especially the case in a tadpole of the age named, when the 
lungs are becoming developed and a frequent supply of air is 
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migration is seen to take place actively when there is no ap- 
pearance of any local irritation. 

Only one point remains to be mentioned, viz. that two 
or three times during inflammation, bodies indistinguishable 
from white blood-cells have been seen situated about the centre 
of a stellate corpuscle, at a long distance from any vessel. 
They had probably been formed in that position ; the process 
of their formation I have not yet been able to trace. 



The above are some of the chief facts of cell-migration. 
One or two questions of theory now remain to be considered : 

I. The mechanism of Cell-Migration. 

II. The relation of the process to Suppuration. 

I. Professor Cohnheim supposes that the red corpuscles are 
forced out of the vessels by the pressure produced by conges- 
tion, and that the white corpuscles make their way through the 
wall by virtue of their amoeboid movements. It may be ob- 
jected to this theory, that if congestion will account for the 
escape of the one, it ought to do so also for the other. 

It seems very probable that congestion is the cause of the 
migration of the red corpuscle. The occurrence of migration in 
the frog's foot after ligature of the femoral vein, also in the 
tadpole when venous return is impeded, likewise its non-occur- 
rence in the fish, where congestion scarcely occurs, all point to 
this conclusion. I shall try to shew that the same cause 
operates in the case of the white cells. 

It is a fact at present unexplained, that the white corpuscle 
is attracted to the walls of vessels more than the red. This 
affinity is chiefly exhibited in the veins, where the slower cur- 
rent permits the colourless corpuscle to roll tardily along in the 
lymph-space. When any general fever, or tendency to local 
inflammation exists, this attraction is increased, and the white 
cells are rapidly deposited, forming often a complete coating to 
the veins. When such a vessel becomes gorged, and the ten- 
sion is so great that its contents are forced out through the 
walls, it follows, as a matter of course, that the corpuscles 
nearest the wall pass out first, and these are the white cells. 
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On referring to the drawing taken from the tadpole, it will be 
evident that if the cells are to be forced out through the walls 
singly, white cells will escape from the wein and red from the 
capillary. If the engorgement be produced artificially in the tad- 
pole, before any deposit of white cells has taken place, escape of 
red corpuscles occurs from veins, arteries and capillaries alike. 
In higher animals it is well known that congestion produces 
oedema, and it may probably do so in the frog and tadpole, 
though of course the fluid cannot be seen passing out under 
the microscope ; but, supposing currents to pass out from the 
vessels through the apparent orifices described by Reckling- 
hausen, it is reasonable to believe that corpuscles lying adjacent 
to these apertures might be forced out at the same time. 

With regard to the likelihood of the cells piercing the wall 
by virtue of their amoeboid movements, it may be remarked, 
that that property appears to be specially active in the fish, but 
that nevertheless migration seems not to occur. On the whole, 
it seems probable that the occurrence of migration depends on 
two factors, viz. (1), The degree of pressure in the vessels pro- 
duced by congestion, and (2), The power of resistance possessed 
by the walls of the vessels. Thus it is seen, that in the fish 
the absence of any considerable congestion prevents the occur- 
rence of migration ; while in the tadpole, the frequency of con- 
gestion, along with the extreme tenuity of the walls of the 
vessels, causes it to happen with remarkable facility. 

Further, the question whether the red or the white cells shall 
escape, depends simply on the accident of the one or the other 
being in contact with the wall of the congested vessel. 

II. The relation supposed to exist between "auswande- 
rung" and suppuration has given the subject its chief interest: 
Professor Cohnheim maintains that all pus-cells are migrated 
white blood-corpuscles. This opinion has been shared by but 
few of those who have otherwise confirmed his observations. 
Dr Kremiansky of St Petersburg, who made a most extensive 
series of experiments, was led to believe that pus originates 
only in part in this manner; such also is Dr Bastian's view, and 
this opinion has also been supported by Messrs Paget and 
Turner \ 

1 Lectures on Surgical Pathology, pp. 249^ 250. Third Ed. 1870. 
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Regarding the argument drawn from experiments on the 
comea» Hoffinann and Recklinghausen, after a special enquiry^ 
still maintain the old opinion that the pus-cells are formed 
from the existing cell-elements; and more recently Professor 
Strieker and Dr Norris (now of New York) have again repeated 
the experiment on the cornea, and confirm the results of Hoff- 
mann and Beckliughausen. 

In the experiments described above, suppuration was ob- 
served in the fish without any migration being seen; in the tad- 
pole migration was seen within an hour after the animal had 
been placed under the microscope, when all injiuy and local irri- 
tation had been carefully avoided. It seems scarcely possible 
that true suppuration could be produced by so slight a cause 
and in so brief a time. Such an opinion would be contrary to 
all experience of that process. 

Thus I think it may be said, with great probability, that 
suppuration was seen apart from " auswanderung," and " aus- 
wanderung" apart from suppuration in these two cases re- 
spectively. 

The question cannot yet be said to be settled. It is at least 
improbable that pus originates solely from migrating blood- 
cells; while, on the other hand, it is possible that there may be 
no connection whatever between them. 
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ON THE LOSS OF SOLID MATTER DURING THE 
GERMINATION AND EARLY GROWTH OF 
PLANTS. By Arthur Ransome, M.D., M.A., Cantab. 

The following statement, with reference to the conditions of 
growth, is made by Prof. Draper in his work On Human 
Physiology (New York, 1856, p. 458) : "If growth be conducted 
in darkness, heat, air and water cannot cause the young plant 
to add anything to its substance — it is feeding on the seed. 
Indeed, when the experiment is carefully made, it is found 
that there is an actual loss of substance; the resulting plant, 
if dried, weighing less than the dry seed from which it came. 
In a dark place, then, it is possible for a seed to grow, but 
it grows in a certain way and only to a certain extent. Its 
stem and its leaves are of a sickly yellowish hue ; exposure to 
sunshine soon produces a green colour in these parts, and the 
weight of the plant increases. Growth in darkness leads to one 
result, and growth in the sunshine to another." This observa- 
tion was not accompanied by any reference to experimental 
proof; and although it seemed very likely to be correct, it 
appeared* desirable to ascertain its truth by direct investigation. 

The following experiments were undertaken with this object: 
given weights of fresh mustard-seed were taken, and each portion 
was divided into two equal parts, one of these parts was then 
crushed and moistened to set free any volatile oil, and was 
afterwards carefully dried in a water-bath, or in Dr Calvert's 
silk-conditioning apparatus, which he kindly allowed to be 
used. The other portions were sowed upon well-washed old 
flannel, placed upon moistened saucers and watered, in three 
instances with distilled water, in four others with the Man- 
chester town's water. 

The experiments were carried on through the months of 
June, July and August of 1858. 

In four instances the seeds were left to the full influence of 
diffused daylight, on the ledge of a window, looking west, in 
two others, the saucers were placed in a large, perfectly dark 
cupboard, and only watered at night by artificial light ; and in 
one case the seeds were deposited in a dark wine-cellar. After 
growth the plants were carefully dried and weighed. 
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The following table gives the results of all the experiments : 
Table 1. Growth of Mustard. 



No. 

1 

2 
3 

4 
5 

6 


Conditions of 
growth. 


None 


Loss or 

gain per 

cent, after 

drying. 


Remarks. 


None 


-12 


The Beed was crushed 
and moistened, before 
drying. 


In light. 

Town's water and 

air only. 


8 
10 


-22-5 


Plants J in. long, green 
leaves just emerging. 


ditto 


-29-8 


Plants Ij inch long, 
strong and healthy. 


In light. 

Distilled water 

used. 


14 


-26-7 


SmaU amount of growth 
about 14 inch. 


ditto 


17 
10 


-37-9 


Stalk and leaves about 
2 inches long, strong 
and healthy. 


In darkness. 

Town's water and 

air only. 


-27-8 


Etiolated, but strong 
plants, about 2 inches 
in length. 


7 

8 


ditto 


13 
17 


-40 


Plant very weak, about 
2^ to 3 b. in length. 


ditto 




Length of plant about 
4 in. dead and decom- 
posed. 



The results* were somewhat remarkable and show that, at 
any rate, during the germination and early growth of mustard- 
seed. Prof. Draper s statement does not hold good. 

1. In every case, whether in light or darkness, the plants 
(root, seed, stem and leaves) when dried, had lost a certain 
amount of solid matter. 

2. Up to the period of cultivation observed the amount of 
loss was in close relation to the degree of growth. 

3. Up to a certain stage of growth, there was but little 
difference in the extent of loss, in the light and in the dark.. 

VOL. V. 4 
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In £act up to 10 days of growth, the greatest loss was in plants 
grown in the light. 

These experiments were repeated with different soils with 
the bulbs of hyacinths, crocus and snowdrops, in the winter 
and spring of 1865—66 ; and in the following year kidney 
beans and peas were grown in garden inould, carefully washed 
and dried after growth, and then tested in the same way as the 
mustard-plants. It was found that the peas and beans only 
began to gain in weight when the plants were from 8 to 12 
inches in height. The following tables IL lU. and lY. give the 
results with the bulbs. 

It may be seen from these Tables that, although the growth 
of the plants named was carried on for a considerable period^ 
and under differing conditions of soil, light, &c., yet in every 
case the result was the same, whether water, sand, earth-mould 
or cocoa-fibre was used to bed the bulbs, and whether they were 
cultivated in the darkness or in the light. Several of the 
hyacinths were allowed not only to form buds, but to flower, 
and in two instances the flowers were allowed to wither before 
the plants were removed from the glasses and dried, one of the 
plants grown in the dark also had buds about to burst; and 
although the leaves, stalk and flowers were a pale yellow colour, 
it seemed to be otherwise quite healthy. The crocus also had 
formed flowers in the sheaths, and the snowdrops had produced 
buds ; notwithstanding this, a loss of substance up to the period 
of growth observed was noted in every case, and to some extent 
it increased with the growth of the plant. In the darkness, in 
some instances the loss of weight was less than in the light, in 
others there was little or no difference. 

In the case of bulbs it seems probable that it is only when 
the plant has ceased flowering, and when the secondary bulbs 
are being formed, that there is any material gain in weight. 

In searching for a record of any similar investigations by 
others, I found that in the year 1838, Mons. Boussingault had 
made similar experiments upon the growth of wheat and trefoil, 
aud although he did not trace the fall extent to which these 
plants lost substance, before they began again to increase in 
weight; yet he had gone further in other respects, and had 
ascertained in what constituents of the plants the loss had 
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occurred. M. Bonssingault's researches were undertaken with 
the object of learning whether plants take nitrogen from the 
air, but they seem to have attracted little notice from physiolo- 
gista The results of his experiments are however in close 
accordance with those which have just been mentioned, and 
they show, in addition, in which of the elements the chief 
changes take place. 

The following tables contain the results given by Mons^ 
Boussingault in the Comptus JRendvs, VI. 102. 

1. In the early stages of germination and growth the 
following results were noted : 

A. QEEtBflNATION OF ClOVEB. 

Ist period when the radicles are developed : 

Grammes. Carbon. Hydrogen. Oxygen. Nitrogen. 

2-893 of grain containing 1-222 0-144 0866 0173 

(2-405 dry?) 

gave 

2-241 of germinated gr ain 1 154 0141 0*767 0'178 

(2-240 dry ?) 

- -165 differences -0*068 -0003 -0*099 +0*005 



2nd period when the seminal leaves were formed : 

Grammes. Carbon. Hydrogen. Oxygen. Nitrogen. 

2074 of grain containing 1054 0124 0*747 0149 

gave after growth 

1*727 „ 0*817 0*104 0*656 0*150 

- 347 differences - 0*237 - 0020 - 0091 + 0*001 



B. Germination of Wheat. 

1. To appearance of radicles : 

Grammes. Carbon. Hydrogen. Oxygen. Nitrogen. 

2*429 of grain containing 1*132 0*141 1*073 0*083 

gave after germination 
(2-363 dry?) ^"^ ^'^^^ ^'^^ ^"^^^ 



- 066 differences -0-021 -0002 -0047 +0004 
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2. When the young stem is the length of the grain : 

Grammes. Carbon. Hydrogen. Oxygen. Nitrogen. 

2130 of grain containing 0*993 0124 0*940 0*073 

gave 

(2*053?) •' ^'^^^ ^'^^^ ^'^^^ ^'^'^^ 

-073 diflFerences - '061 - '003 - 'Oil + '002 

3. When the stem is from 3 to 5 centimetres high: 

Grammes. Carbon. Hydrogen. Oxygen. Nitrogen. 

2*075 of grain containing 0*945 0-117 0*895 0*070 
(2 027 ?) 

gave 

(1703?) '» ^'^^^ ^'^^ ^"^^^ ^'^'^^ 

- -324 diflFerences - -141 - '013 - '172 + '002 



Mons. Boussingault now apparently discontinued the analy- 
sis of plants until they had attained a growth of 2 or 3 months; 
his results were then as follows : 

C. Cultivation of Clover in pure Silicious Sand and 

Distilled Water, 

1. During 2 months (Sept. and Oct.). 

Grammes. Carbon. Hydrogen. Oxygen. Nitrogen. 

1*532 of grain containing 0*778 0092 0*552 0110 

gave 

1*649 of crop „ 1*278 0*146 0*982 0*120 

(2*526 ?) 

^994 diflFerences + 0*500 + '054 + '430 + '010 

2. During 3 months (August, Sept. and Oct). 

Orammes. Carbon. Hydrogen. Oxygen. Nitrogen. 

1*586 of grain containing 0*806 0095 0*571 0*114 

gave 
4-106 of crop „ 2*082 0*271 1*597 0*156 

2*520 diflFerences + 1*276 + 0*176 + 1*026 + 0*042 
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D. Cultivation of Wheat. 

ft 

1. During- 2 moaths (Sept. and Oct,). 

Grammes. Carbon. Hydrogen. Oxygen. 

1-244 of wheat containing 0580 0*072 0549 
gave 

1-819 of crop „ 0-901 01 16 0-162 



NitrogenCr 
0043 



0040 



+ '575 differences 



+ -321 + 044 + -213 - -003 



2. During 3 months (August^ Sept. and Oct.). 

Grammes. Carbon. Hydrogen. Oxygen. 

1-644 of wheat containing 0-767 0095 0-725 
gave 

3022 of crop „ 1456 0173 1-333 



Nkrogeo. 
057 



0-060 



+ 1'378 differences 



+ 0-689 +0078 +0-608 +0-003 



The tables as given in the Comptus Rendua are not perfectly 
clear; some errors seem to have crept into them, but, so far as 
they go, they support the conclusions to which my experimentsr 
lead, and they show moreover in which of the elements the chief 
loss or gain takes place. It will be seen that in the early stages 
of growth, there is little if any variation in the qnantity of 
nitrogen contained in the plant, but what little alteration there 
is, is on the side of increase ; the hydrogen also is only slightly 
altered by diminution, but the carbon and the oxygen both 
disappear rapidly, and they evidently disappear for some time 
in proportion to the growth. 

In the later stages of the cultivation of both wheat and 
clover the carbon, hydrogen and oxygen again increase. In the 
clover the amount of nitrogen also increases, but in the absence 
of all manure the nitrogen of the wheat remains stationary. 

These facts seem to have an interesting bearing upon the 
physiology of nutrition and development. They appear to 
show that a close analogy exists between the two kingdoms of 
nature, so far as regards the functions of early growth. Thus 
as the animal ovum contains nourishment to support the embryo 
£br a certain period, and, under fitting conditions, the nutritive- 
material gives forth force to stimulate and sustain the vital 
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powers of the minute germ, so apparently, the genesis of active 
life in the plant must receive its first impulse from the con- 
stituents of the seed, and in most plants at least a portion of 
the power of growth must be derived from the same source. 

Again, in the animal body, at certain periods, material is 
stored up, from which supplies of force may be drawn as it is 
required, and thus the creature can live and grow for a certain 
period sustained by its own substance. In like manner, it 
seems from the experiments quoted, that bulbous and probably 
other plants derive a considerable part of their sustenance from 
food which has been laid up in the bulb or seed, collected there 
probably during an apparent rest from growth. 

The results of the experiments may perhaps also afford an 
illustration of the distinctions between growth and develop- 
ment, and nutrition. 

There cannot of course be growth or development of any 
part of a plant or animal, without the addition of substance to 
that part ; and yet, as we have seen, both plants and animals 
may on the whole lessen in weight during growth. In the case 
of bulbs> the plants grow and flourish, sustained, for the most 
part, for very long periods upon the material previously stored 
up in the bulbs ; and the same statement is true, though for a 
shorter period, of the smaller seeded plants. 

We might perhaps with propriety limit the term nutrition, 
to the act of taking in and storing the food for future growth; 
and in this sense the nourishment of the hyacinth plant, as a 
whole, takes place only when it begins to take up fresh solid 
material from without. 

It is important also to notice the source from which the 
power of growth appears to spring in the first instance. 

The elements which are used up during early growth are 
the carbon and oxygen, and to a certain extent the hydrogen of 
the seed ; and we know at least partially in what way these 
elements diappear. 

During germination, the starchy portions of the seed, by a 
species of fermentation, under the influence of warmth and 
moisture, and also probably by the molecular action of the 
nitrogenous germ, become changed into sugar and other soluble 
substances, and these again are slowly disintegrated and burnt 
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up, by a kind of respiration, and heat or other energy is 
developed. 

In any case it would appear that even in this early stage of 
the life of a plant, the most important agents in assisting the 
processes of growth, are hydrocarbonaceous particles in their 
course of transformation ; and there is little doubt that the heat 
energy of these compounds bears some important relation to 
active life. 

This fact may indeed be placed in close connection with the 
recent investigation of Messrs. Fick and Wislicenus, Frankland 
and Haughton, upon the sources of mechanical power in 
animals. It seems probable that the oxydation of carbonaceous 
compounds in animals has something to do, not merely with the 
phenomena of muscular contraction, but with many other vital 
processes. 

It may be found that plants also owe not a little of their 
power of growth to the same source. It appears from the 
observations detailed in the tables, that the plants which they 
record lost weight during growth, almost equally in the light 
and in the darkness. It may be possible therefore that the 
processes of development and growth may obtain the needful 
stimulus, not only from the direct heat and light of the sun, but 
also from the energy lying hid in the carbonaceous compounds 
already stored up within the seed or bulb. 

It would perhaps be interesting in reference to this point, to 
compare the conditions of early growth of different plants with 
the constituents of their seeds. It might be found that those 
plants which are able to grow for some time without the light,, 
have the largest store of heat energy bound up within their 
substance. 

After all, however, light is evidently essential to the true 
nutrition of plants. It may not be necessary, and these experi- 
ments show that it is not necessary, to some kinds of develop- 
ment and growth, but it is needed before any material addition^ 
can be made to the solid substance of vegetable structures. In 
this sense Prof. Draper's words probably still remain true, 
and '^growth in darkness leads to one result, growth in the 
sunshine to another." 



ON THE HOMOLOGICAL RELATIONS TO ONE AN- 
OTHER OF THE MESIAL AND LATERAL FINS 
OF OSSEOUS FISHES. By Pkofessor Humphry. 
PLIL 

The use of the terms * median' and 'lateral' with reference 
to the fins of fishes, though founded on ohvious facts, appears 
to me nevertheless to have in some measure the effect of con- 
tributing to maintain a misconception with regard to the real 
nature of those parts and their relation to one another and 
to surrounding structures. More especially is this so foras- 
much as the term 'median' is by anatomists pointedly con- 
trasted with * lateral ' when they are indicating as one among 
the special features of fishes that certain of their locomotory 
oigans are placed in the middle line. 

The most rudimentary knowledge of development tells us 
that, with the exception of the parts lying in the axis of the 
body, none are really mesial, that is, formed in the middle line. 
All are formed in the lateral layers which ascend or descend 
from the axial line. The most, therefore, that we can say of 
any part is that it has acquired a mesial position and character 
by the coalescense of two lateral elements in the middle line. 
This must be the case with the dorsal, caudal and anal fius 
of fishes; and it is in this way that, though not essentially 
median organs, they have acquired their claim to that title. 
Nor is this an unimportant distinction, especially when we seek 
to compare them morphologically with other structures. Each 
of these fins, like the tongue and every other organ mesially 
situated, and at a distance from the axis, is a double organ 
and may be the representative of any other organ which is 
actually double, in which, that is, the two lateral constituents 
have not coalesced^. 

1 A similar view was, I find, entertained by that eminently philosophical 
anatomist, John Goodsir. After giving his reasons for considering that the 
interspinoos bones and mesial fin-rays are elements of the netoro- or endo- 
skeleton, he goes on to say : '* With reference to the mesial position and charac- 
ters of these bones, I would remark, that it appears to me quite permissible, on 
morphologieal grounds, to look upon each interspinouiS bone, with the correspond- 
ing fin-ray, as oonsisting of a rigjai and left aotinapophysis mesially united — 
that ia, to consider the right and left halves of which they consist in the young < 
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I think also the view is somewhat too readily accepted, that 
these fins which I have named are to be regarded in the light 
of dermal appendages, and that the interspinons bones by which 
they are continued into the interior are either prolongations 
from the surface which have insinuated themselves between 
the deeper structures or are mere membrane-bones, whereby a 
cardinal distinction is implied between them and the neural 
and haemal arches and other parts of the vertebral skeleton. 

The ray-bones, it is true, are closely invested by the derma, 
though they are^ at their roots at any rate, covered by the 
whole thickness of the derma and by areolar tissue as well as 
by muscular expansions. The superficial muscles of these ray- 
bones are expanded beneath the skin, and are closely connected 
with it ; and the interspinous bones and their covering muscle» 
are to a great extent separate from the lateral muscles of the 
trunk, and present the appearance of having been insinuated 
between them ; and in raising the skin from the lateral muscles, 
the fin and its muscles are readily detached with the skin* 
Still, the tendinous terminations of the superficial fin-muscles 
are in some instances^ inserted into the inter-muscular septa of 
the lateral trunk muscle, as well as into the skin; and the 
skin, as is well known, is closely connected with these septa, 
indeed they are continued into it. And, which is of more 
importance, the mesial membranous septa^ above and below, 
in the plane of the neural and haemal spines, are extended ta 
the interspinous bones and establish a direct continuity be- 
tween the spinous and the interspinous elements (fig. 1). 

These membranous septa are of course in each case double, 
consisting of two planes which have met and coalesced in the 
middle line. The two planes, passing superiorly from the 
dorso-lateral and inferiorly from the yentro-lateral parts of 

fish, as fundamental elements of opposite sides of the body." He draws an 
argument in fayonr of this view from the occurrence of double anal and caudal 
fins in monstrous fishes. Anatomical Memoirs, by Turner, ii. 106. 

Gegenbaur, Grundzilge der Vergl. Anat., 675, remarks that the ossifications in 
the rays of unpaired fins commence in pairs and unite into single portions at a 
little distance from the base. This may be perceived in most fishes ; and the 
two portions usually admit of being easily separated from one another in the 
whole length of the ray. 

^ e.g, the Sole, In the Perch a series of muscular bundles pass, on either 
side, from the edge of the lateral muscle^ being extensions of the fibres of that 
muscle, to the joints between the fin^rays and the interspinous bones of the 
great doxsal fin. 
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the vertebral centres, and enclosing the neural and hsemal 
canals, extend to the upper and lower margins of the animal, 
and constitute the boundary lines between the parts formed in 
the ascending neural and the descending haemal layers of the 
two sides« With lateral perforations for nenres and vessels and 
with lateral intermuscular processes they form, together with 
the notochord, the primitive skeleton, as instanced in the 
Lancelet. They give off laterally processes or sheets which 
form the intermuscular septa of the great lateral muscle ; and 
at the parts where there are no fins (fig. 2) they give off, near 
the upper and lower edges of the body, oblique processes which 
enclose the supra- and infra-carinales muscles, while the septa 
themselves are continued, in the middle line, between the cari- 
nales of the two sides to the skin. The dorsal and anal fins occupy 
the place of the carinales. Accordingly a membranous process 
from each septum passes on either side of the fin and its muscles, 
separating it from the edges of the lateral muscle, while the 
septum itself is continued to, and blends with, the iuterspinales 
bones. This may be seen in the transverse sections, and is 
better seen by stripping off the muscles on the sides from the 
inteispinous bones and the spines of the vertebrse, when both 
sets of bones will be found to be enclosed in, and connected 
with one another and with those in front and behind by, 
one continuous membranous sheet. The blood-vessels and 
nerves may at the same time be displayed passing on either 
side of this sheet, in each interval between the spinous pro- 
cesses, to the fin. 

In a Pike about a foot long, from which the accompanying 
drawings were made, I found the large or distal ends of the- 
ihterspinous bones, both neural and haemal, composed of car^ 
tilage. 

In the deeper parts of the mesial septum, above and below, 
at the lines of junction with, or giving off of, the transverse 
intermuscular septa, the neural and haemal spines are formed ; 
and deeper still, where the coalescence of the two sides of the 
septa is prevented by the presence of the neural and haemal* 
tubes, the neural arches are formed. In the abdominal part 
of the animal (fig. 3) the presence of the viscera causes the • 
visceral or descending embryonic laminae to take a wider sweep. 
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and prevents the juxtaposition of the laminsB of the two sides 
and, consequently, of their lining membranous plates which 
would have united to form the haemal septum. The abdominal 
cavity may therefore be said to lie in this septum, and is com* 
monly confluent with the haemal canal, though not always 
or at all parts ; that is to say, it separates or keeps asunder 
the two walls of the septum, not merely where they are mem- 
branous, but where the haemal spines should be formed ; and the 
ossifying bars, instead of coalescing as mesial haemal spines, 
are lateralized as ribs. The separation generally extends through 
the haemal arches as well as the spines, and lays the haemal 
and abdominal cavities into one. It affects also the lowest 
part of the abdominal septum ; Sot the lower margins of the 
lateral muscles are pressed asunder, and the interval between 
them is occupied, and the abdominal cavity is closed beneath 
by the infra-carinales muscles. The foremost interspinous bone, 
a little behind the anus, with its muscles, commonly closes the 
abdominal cavity in this direction, and in front of the anus 
the mesially arranged interspinous series is wanting. 

At a variable point however, in front of the anus, usually 
near to it, are the ventral fins (fig. 3), two in number, one im- 
mediately on either side of the middle line, and they are often 
connected with each other in the middle line. They are quite 
symmetrical, forming a pair. Each is composed, like the con- 
stituents of the anal fin, of an internal portion, that is, a portion 
projecting inwards between the ventral margins of the lateral 
muscles of opposite sides, and which is offcen simple, dagger- 
shaped and strikingly reminds us of the interspinous bones 
of the anal fin, and of an external portion projecting beyond 
the level of the body and consisting of ray-bones with an 
envelope of skin. These ray-bones are jointed with the inter- 
nal bones and moved upon them by simple muscles, much 
as are the rays upon the interspinous bones of the anal fin. 
Indeed, so close is the similarity, that if a single ventral fin 
(fig. 5) is held in front of the anal fin, we can scarcely avoid the 
conviction that it is a continuation of the same series; and, I 
think, there can be little doubt of this being the case : the 
chief difference being, that the ventral fin is double, that is, is 
composed of two symmetrical slightly lateralized portions, instead 
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of the two portions having coalesced and occupying a strictly me- 
dian position. It is also more obliquely placed than the anal fin; 
though the obliquity is in the same direction, viz. slanting from 
before backwards and downwards. Both these points of diflfer- 
ence are attributable to the presence of the abdominal viscera 
and cavity, which keep asunder the laminae of the haemal sep- 
tum in the manner already mentioned, and cause the interspi- 
nous and muscular and ray elements of the fin to be developed 
on the sides of, instead of in, the mesial line. So that just as 
the fibrous septa and the ribs lining the abdominal cavity, 
serially considered, are the ununited lateral elements which in 
the caudal region combine to form the haemal spines and the 
haemal septum, so the ventral fins, serially considered, are the 
ununited elements which, behind the abdomen, combine to form 
the anal fin. 

It may be observed that the ventral fins, whether they are 
placed just in front of the anus or more forwards, derive their 
nerves, just as do the components of the anal fin, from the 
ventral branches of the spinal nerves near which they lie. 

The pelvic bones of the ventral-fin I regard, therefore, as the 
serial homologues of the interspinous bones of the anal-fin; 
each pelvic bone answering to one or more halves of inter- 
spinous bones which have been kept separate from those of 
the opposite side, while their deeper ends have been directed 
forwards, and their anterior edges inclined inwards towards 
the middle line. The eflFect of this has been to throw the 
hinder margin of the ray backward, and the surface, which 
in the primitive condition was internal, or opposed to that of 
the opposite side, backward and upward. Hence, to bring the 
ventral fins into a position corresponding with the elements of 
the anal fin, it is only necessary to turn the pelvic bones and 
the ray from their horizontal to a vertical position, bringing 
the anterior extremities of the pelvic bones upwards, and their 
inner edges forwards. The upper surfaces of the ray will now 
be turned towards each other, or thrown into contact, their 
inner edges will be directed forwards, and their hinder extre- 
mities will point downwards. 

The pelvic bones covered by the fin muscles perforate the 
abdominal wall, their hinder parts, where articulated with the 
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fin-rays^ being external and connected with the skin and the 
edge of the lateral muscle as well as with the carinales near 
the middle. In the greater part of their extent they are 
internal, forming part of the abdominal wall, and separated 
from the peritoneum only by the fibrous linmg of the abdomen. 
This membrane invests the pelvic bones and muscles and con- 
tributes to hold them in situ. At the outer edge of the pelvis 
it divides into three strata, of which one passes externally 
between the pelvic muscles and the edge of the lateral muscle, 
and is connected with the skin: a second stratum passes 
upon the upper or deep surface of the fin, meeting its fellow 
of the opposite side, and so forming a continuous sheet which 
strengthens the part and prevents the protrusion of the viscera ; 
while a third or middle stratum passes between the pelvic 
muscles to the outer edge of the pelvic bone and is blended 
with it, 80 establishing a direct continuity between this internal 
membranous sheet and the pelvic bone, like that which exists 
between the corresponding sheet in the caudal region and the 
interspinous bones. 

It not unfrequently occurs that the pelvic bone of each side 
is not so simple as in the Pike, but, as in Clarias anquillarifi 
(fig. 6), presents divisions, a broad portion passing inwards to 
meet its fellow of the opposite side, while a second portion 
passes forwards and inwards, and a third passes more directly 
forwards. These reminders of the pelvic bones of higher 
animals not improbably represent the incompletely united and 
diverging interspinous components of the pelvic bon& 

The pectoral fins (fig. 4) are situated more laterally than 
the ventral, being placed at the retiring angle between the 
ventral and ventro-lateral portions of the great lateral muscle 
in front, whereas the ventral fins are placed on the mesial side 
of the ventral portion of the lateral muscle, with the exception 
of a bundle of the muscle, which, separating itself from the 
remainder, passes backwards, near the middle line, to the pelvic 
bone of each side, and lies internal to the projecting part of the 
fin. Still there seems no good reason to doubt the generally 
accepted view that the pectoral and ventral fins are serially 
homologous. If this is so, and the view I have taken of the 
relations of the ventral fin is correct, it follows that the pectoral 
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fins are also serially homologous witt the anal fin, and the cora^ 
coids, like the pelvic bones, answer to the interspinous bones, or 
portions of them, I say 'or portions of them,* for a comparison of 
the parts in diflferent fishes (fig. 7) suggests that the series of 
ossicles intervening between the coracoids and the rays — ^the 
brachials of Parker and the carpals of some anatomists — are 
segmented from the distal pail of the interspinous element of 
which the coracoids form the chief part, and correspond there-^ 
fore with the distal portions of the pelvic bones. 

The collar-like series of bones (fig. 4), which extend from 
the upper and back of the cranium to the middle line beneath, 
enclosing the coracoids, lie immediately beneath the skin, yet 
are connected with the lateral muscle above and beneath, 
indeed beneath are to some extant imbedded in the ventral 
portion of that muscle. It is pretty certain that they do not 
correspond with the coracoids of higher animals, as supposed by 
Owen. Whether they really deserve the name clavicle which 
has, with more probability, been assigned to them byGegenbaur 
and Parker, further observation must decide. 

If the view which I have here given is correct, if the pec- 
toral and ventral fins correspond with the limbs, including their 
girdles, in higher animals on the one hand, and with the com- 
ponents of the anal fin on the other, and if the osseous elements 
of that fin and of the pectoral and ventral fins are developed in 
extensions of the membranous lining of the visceral cavity, in 
which membrane the haemal arches and the ribs are developed, 
it follows that the limb-girdles are in the same internal plane 
of the visceral wall with the ribs and haemal arches. They are 
not haemal arches or ribs, but formed on a level inferior to, ot 
more marginal than, both. Hence they do not originate in the 
neighbourhood of the vertebral centres, or have, like the ribs, 
any direct relation to them, but originate in a more distant part 
of the visceral layer, and may or may not spread into contact 
with the vertebrae. The region in which they spring corre- 
sponds more nearly with that of the sternum and sternal ribs. 
Like the several fins of fishes, each is connected with the general 
muscular system of the animal and has, besides, its own inde- 
pendent muscles passing from segment to segment of the limb. 

It follows, further, that each limb of the higher animals 

VOL. V. 5 
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corresponds with a lateral factor or factors of the mesial fin of 
the fish, and would, if development had proceeded in a similar 
manner, have united with its fellow into a mesial organ ; hut 
the limbs being produced only in the region of the trunk, the 
(theoretically) apposed surfaces — the palmar and plantar — 
have been kept apart, and have, as in the case of the lateral 
fins of the fish, been directed backwards. The direction how- 
ever of the surfaces, in this instance, is dependent not so much 
on the inclination of the parts (the girdles) lying in the walls 
of the trunk, as on the rotation of the outlying parts upon the 
girdles (see p. 69). 

It may be observed also that, according to this view, the 
median fins — dorsal and caudal, as well as anal — are a series of 
coalesced lateral limbs, and that on this ground the fish presents 
some claim to the title of ' neuropod' as well as of * hsemapod/ 
which may, when our knowledge of the morphology of the two 
is more complete, prove to be an additional connecting link 
between the vertebrate and the invertebrate skeletons. 



DESCRIPTION OF PLATE II. 

Fig. 1. Transverse section through the tail of a Pike including 
the dorsal and anal fins : a. interspinous bones of the dorsal fin ; 
h, interspiuous bones of the anal fin. The muscles of the fins are seen 
on the sides of the interspinous bones. The four divisions of the 
lateral muscle with its intermuscular septa are seen. 

Fig. 2. Transverse section through the hinder part of the abdo- 
men of a Pike ; 8, c, suprarcarinalis muscle ; t. c. infia-carinalis muscle; 
(i,c, abdominal cavity. 

Fig. 3. Section through abdomen and pelvic bones {p.) of a 
Pike ; these are surrounded by the muscles of the fin. The lateral 
muscles abut upon the fin muscles, but do not at this part extend to 
the pelvic bones. 

Fig. 4. Section just behind the head of a Pike: 8,c, supra-cari- 
nales muscles; L, I,, Ly lateral muscle; p.t. post-temporal bone; 
s, d, supra-clavicle ; d, clavicle; c. coracoid with muscles of pectoral 
fin above and *below. The fibres of the lateral muscle are seen to be 
inserted into the post-temporal and the clavicle. 

Fig. 5^ The skeleton of the ventral fin of a Pike. 

Fig. 6. The skeleton of the ventral fins of Clarias anquillaris. 

Fig. 7. The skeleton of the pectoral fin of a Pike. 



A COMPARISON OF THE SHOULDER BONES AND 
MUSCLES WITH THE PELVIC BONES AND 
MUSCLES. By Professor Humphry, (PL III.) 

Professor Flower's paper "On the Correspondence between 
the parts composing the Shoulder and the Pelvic Girdles of 
the Mammalia," contained in the last Number of this Journal, 
has induced me to reconsider the subject ; and the conclusions 
at which I arrive do not entirely accord with those of Professor 
Flower, or with those to which, as he intimates, I myself in 
some degree formerly inclined. The fact of its being a trite 
subject, which has been handled by many and able anatomists, 
proves that it is a difficult one, and therefore interesting ; and 
it is moreover interesting because several of the great principles 
of animal construction, that is, of morphology and homology, 
are involved in it. It is quite clear that the fore and the hind 
limbs are in the main alike ; yet a certain amount of dissimi- 
larity pervades every part of them in every animal, adapts each 
to its special purposes, and is therefore least at the middle, and 
most marked in the proximal and distal parts of the limbs. 
The same remarks apply to the limbs in the several members 
of the vertebrate division. Throughout, variety is grafted upon 
uniformity. The object of the variety is conformity to the 
special purposes of the limb, and adaptability to the varieties — 
that is, the peculiarities — of the several animals. Unfailing in 
result and regulated by some utterly unknown force, it oflPers 
innumerable problems to the homologist, many of which are 
difficult and some perhaps impossible of solution. When we 
remember how hard it is correctly to compare the several pro- 
cesses in two distant vertebrae of the same spinal column, 
although we have the aid affi)rded by all the gradations pre- 
sented in the intervening vertebrae, we cannot be surprised 
that a successful comparison of two limbs placed at opposite 
ends of the trunk, with different movements and functions, 
and unconnected by intermediate gradations, has not yet been 
made. The difficulty of instituting a correct homological com- 
parison is augmented by the fact that the deviations from one 
another, or of both from a simple and comnion original, are 
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very early elements in development, are owing indeed to in- 
hereftt qualities in the two limbs which are operating from the 
very beginning of each, and which are working on — and that is 
a very important point to bear in mind in all developmental 
and homological investigations — are working on with reference 
to adaptation to future conditions, and so are prophetic, as it 
were, of them. For instance, if an alteration in the direction of 
the circulating current is to take place at a late period of de- 
velopment, the preparation for it is going on throughout the 
earlier periods of embryonic life ; the several parts are forming 
to eflfect, and to adapt themselves to, the coming event ; and, in 
the case of the limbs, if rotation or other changes in the hind 
limb are to occur, differing from those in the fore limb, the 
developmental processes will, from the earliest period, be di- 
rected with reference to them, and will prepare the several 
parts for them — will prepare, that is, the individual parts for 
harmonious corporation with the general modification. It may 
be that they will do so in such a manner as to destroy exact 
correspondence between the limbs, not only apparently but 
really, and so render futile the attempt to make an exact homo- 
logical comparison. If a given muscle passes in one limb on 
one side, and in another limb on the other side, of a certain 
muscle or bone, it cannot be said to be strictly homologous 
in the two limbs, however close its correspondence in other 
respects may be. Such displacements or variations in the position 
of corresponding muscles are by no means uncommon. We must 
be content, therefore, in someLes with estabHshing a general 
correspondence, and avoid the error of endeavouring to work 
out a closer homological relationship than actually exists. These 
remarks will find their application in the following compa- 
rison. 

It may be regarded as now sufficiently established, that the 
extensor and flexor surfaces of the two limbs, of the parts of 
them, at least, which project from the trunk, answer respectively 
to one another, and that the radial edge of the fore limb, 
including the poUex, the outer condyle, and the outer tubercle 
of the humerus, corresponds with the tibial edge of the hind 
limb, including the hallux, the inner condyle, and the inner or 
• lesser trochanter of the femur ; and, accordingly, that the ulnar 
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edge of the fore limb^ including the inner condyle and inner 
tubercle of the humerus^ corresponds ^ith the fibulai* edge of 
the hind limb, including the outer condyle and the outer or 
greater trochanter of the femur. We may consider that the 
extensor surfaces of the two limbs form essentially and origi- 
nally parts of the dorsal plane of the animal, or are an extension 
of it, and that the flexor surfaces are parts of the ventral plane ; 
and most anatomists accept the view that the two limbs may 
be considered to have undergone a partial rotation in opposite 
directions, which has had the effect of throwing the extensor 
surface of the hind limb forwards, and the extensor surface of 
the elbow and a considerable part of the fore limb backwards. 
Many of the apparent discrepancies between the two limbs are 
thus explained \ 

It is obvious that this rotation does not affect the limbs of 
all animals alike. In many reptiles it affects them but little; 
and these animals furnish therefore much aid in the comparison 
of the limbs. Moreover, it does not affect all parts of each limb 
to an equal extent. The distal part of the fore limb in some 
mammals and in birds retains the primitive direction of its sur- 
faces; and in most mammals it undergoes a rotation in a direction 
opposite to that of the rest of the limb, and like that of the 
hind limb ; for its dorsal surface is, like that of the hind foot, 
directed forwards, and its ventral surface backwards. The Bat 
offers an interesting example of the rotation of an entire limb 
in a contrary direction to that which is usual, the whole flexor 
or ventral aspect of its hind limb being turned forwards. 

The question arises, is this rotation of the limbs participated 
in by their respective trunk-segments or girdles, or by any 
parts of them ? With regard to the lower portions of these 
girdles — the coracoid elements in the shoulder, and the ischia- 
tic and pubic elements in the pelvis — I am not aware that such 
rotation has ever been supposed, and the evidence is greatly 
against it. It is pretty clear that the respective external and 
internal surfaces of these elements in the two girdles answer to 
one another, and to the external and internal planes of the 
visceral laminae in which they are formed. This, it must be 
admitted, is strong presumptive evidence against any rotation 

I See my Observations on the Idmbs of Vertebrate Animals^ p. 16. 
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of the superior elements of the girdles (the scapular and iliac 
parts). The several parts of each girdle are, in their early and 
their cartilaginous conditions — and indeed to a great extent 
throughout life — in one piece, unsegniented, the distinction 
being caused by the formation of independent centres of ossifica- 
tions, which after a time become blended, rather than upon any 
real separation or segmentation. This at least is the case 
except where the coracoid becomes separate. It is therefore 
diflBcnlt to suppose that the scapula and ilium can undergo 
a rotation which is not participated in by the coracoid and 
ischium. Moreover, it is pretty certain that the external sur- 
faces of the lower parts of these two — the articular surfaces and 
the spaces just above the articular surfaces upon which the 
prolongations of the triceps brachii and of the rectus femoris 
extend — answer to one another. 

The only question, then, which remains — ^and this I believe, 
though it has not been quite clearly stated, is the only one 
which has really been raised — is whether a rotation in opposite 
directions takes place in the upper parts of the scapula and 
ilium, turning that which was the dorsal surface of the blade of 
the scapula backwards, or backwards and inwards, and that 
which was the dorsal surface of the blade of the ilium forwards ; 
so that the dorsal aspect of the scapular blade with its muscles 
answers homologically to the surface of the ilium which is 
covered by the iliac muscle and that muscle, while the sub- 
scapular aspect of the scapular and the subscapularis muscle 
are homologous with the gluteal aspect of the ilium and certain 
of the glutei muscles. 

Now I am not aware that there is any example of a corre- 
sponding twist in the length — that is, between the two ends — of 
any of the bones of the limbs, though something of the kind has 
been assumed with regard to the humerus by M. Martins of 
Montpellier. The rotation appears in each instance to affect 
one or more entire bones, and not to be caused by a twist in any 
one. Thus the entire radius is rotated upon the humerus and 
the ulna, and the entire humerus is rotated upon the scapula. 
It seems less probable that a bone, or part of a bone, formed in 
the wall of the trunk and connected on all sides with surround- 
ing adherent tissues, should undergo a rotation similar to that 
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which has been supposed. I think, moreover, the peculiarities 
in the two limbs may be explained and harmonized without re- 
sorting to any such explanation. 

In the paper already referred to. Professor Flower truly 
observes that " in every mammal both scapula and ilium may be 
resolved into a bar or rod of three-sided or prismatic form" with 
the two extremities placed dorsally and ventrally. " The dorsal 
or upper extremity is capped by the supra-scapular epiphysis 
in the shoulder-girdle, and by the corresponding supra-iliac 
epiphysis in the pelvic girdle. The ventral or inferior extremity 
enters into the formation of the glenoid or the cotyloid articular 
cavity, as the case may be, and joins with the coracoid or the 
ischial element of the girdle." But Professor Flower goes on to 
make a distinction between the direction of the borders and 
surfaces of this prism in the ideal and the human scapula and 
pelvis, a distinction based upon the theory of the rotation of 
these parts, in which I am unable to concur ; for, as just stated, 
the ideal and the human girdles, and consequently the ideal 
and the human scapula and pelvis, appear to me to correspond 
very closely. 

Take the ilium of an Echidna (fig. 1) or a Kangaroo, in both 
of which — and indeed in many other instances — ^the prismatic 
form is well presented. Of the three margins or borders one is 
external and descends to, or nearly to, the upper edge of the 
cotyloid cavity. It separates the antero-extemal surface which 
is covered by the iliacus intemus muscle from the postero- 
external surface, which is covered by the glutei. It represents 
therefore the blade and fore part of the crest of the ilium. Its 
position and appearance and relation to the iliacus internum, 
which Mr Mivart and others on good grounds regard as the 
homologue of the suprarspinatu>s, are strongly suggestive of its 
answering to the spine of the scapula, and we shall find other 
reasons confirmatory of that view. The anterior margin or 
border is continuous with the linea ilio-pectinea of the os pubis, 
separates the antero-extemal or iliacus surface from the internal 
or ventral surface and is the anterior, or inner, or ilio-pectineal 
edge of the ilium. The hinder margin or border separates the 
postero-external or gluteal surface from the internal or ventral, 
and represents the hinder or sciatic edge of the ilium. If I am 
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right in believing, as I think I can show that I am, that the 
external ridge is the representative of the iliac blade and fore 
part of the crest, and that it answers to the spine of the scapula, 
then it follows that the anterior or ilio-pectineal ridge answers 
to the supra- or rather pre-spinal portion and margin of the 
scapula, and that the posterior or sacro-sciatic ridge answers to 
the back part and the posterior border of the scapula. It 
follows also that the ventral surface of the ilium, that is the 
surface behind the ilio-pectineal line, including the space for 
articulation with the sacrum, corresponds with the ventral or 
subscapular surface of the scapula ; and the dorsum or gluteal 
region of the ilium corresponds with the infra- or rather post- 
spinal region of the dorsum of the scapula, i.e., the part behind 
the spine and extending over the hinder aspect of the spine. 

In the Kangaroo and Echidna the prismatic form of the 
ilium is well preserved ; the three ridges are of nearly equal 
prominence, and the three surfaces are of nearly equal size. 
This is also the case in some rodents, as the Beaver (fig. 2). In 
other instances the ridges are unequally developed, and the 
surfaces consequently are of unequal size. In the Hare (fig. 3) 
and Rabbit the ilium is comparatively flat and broad in conse- 
quence of the outgrowth of the anterior and posterior ridges, 
while the external ridge is scarcely perceptible. In this instance 
the iliacus intemus lies upon the outer surface of the anterior 
or ilio-pectineal border of the ilium, rather than upon the inner 
surface of the outer border; and the ilium unmistakably 
resembles the scapula in those animals in which the spine is 
suppressed, as the Horse (fig. 5). This is however rather ex- 
ceptional. In most mammals the anterior ridge is but little 
developed, and is recognized only as the ' ilio-pectineal line' or 
*brim' upon the inner surface of the ilium, separating the true 
from the false pelvis. The external ridge becomes developed in 
very varying degrees. Still suppressed (the ilium preserving 
much of its primitive form) in carnivora, its upper margin runs 
out into an overhanging crest in the Wombat and in ruminants; 
whereas in pachyderms, monkeys and Man it grows out in its 
whole length forming the part of the blade and crest of the 
ilium which lies above and anterior to the ilio-pectineal line 
and the articulating surface for the sacnim. The iliacus 
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internus now rests upon the inner aspect of this broad ridge, 
9ind the conformation of the ilium corresponds closely with that 
of the scapula of the Echidna. 

The posterior or sacro-sciatic ridge — which bears relations 
to the ischium and to the large nerves and blood-vessels of 
the hind limb corresponding to the relations which the hinder 
border of the scapula bears to the coracoid in ovipara, and to 
the large nerves and blood-vessels of the fore limb — ^grows out 
in varying degrees ; and its upper part is often produced back- 
wards into a * posterior spine' overhanging the sacro-sciatic 
notch and resembling the * posterior angle' of the scapula. 

Whatever value may be attached to the disposition of the 
nutritious foramina in the two bones — and it cannot \>e considered 
to be unimportant — it certainly favours, in rather a remarkable 
manner, the view I have taken. These foramina will be found 
pretty regularly, in man at any rate, in five sets in each bone. 
Firstj in the ilium on the anterior aspect of the iliac blade near 
the linea-ilio-pectinea, and in the scapula on the anterior aspect 
of the spine near the anterior or pre-spinal ridge : secondly, in 
the ilium on the posterior or gluteal aspect of the blade 
nearly opposite the preceding, and in the scapula on the 
posterior aspect of the spine in a corresponding situation. 
Thirdly, in the ventral surface of the ilium behind the ilio- 
pectineal line, and in the ventral surface of the scapula behind 
the supra- or pre-spinal ridge : fourthly, in the inferior edge of 
the iliac blade just above the acetabular surface and in the 
inferior edge of the scapular spine just above the glenoid surface ; 
fifthly, in the posterior or sciatic edge of the ilium near the 
acetabulum, and in the posterior edge of the scapula near the 
glenoid cavity. In the lower animals the nutritious foramina 
are less constant than in man ; but when they appear they are 
in or near one or other of the situations indicated. 

The origin of the recttis femoris, from the anterior border 
of the ilium, and of its homologue the long portion of the 
triceps from the hinder border of the scapula, may be esteemed 
an argument in favour of the correspondence of these two 
bordei*s, and so of the rotation of the scapula and ilium in oppo- 
site directions. But it must be remembered that the triceps 
arises from the outer surface of the scapula as well as from the 
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hinder border, and that the rectus extends from the anterior 
border of the ilium upon its outer surface above the acetabulum. 
The origin therefore of the two may be traced to corresponding 
points upon the external or dorsal aspects of their respective 
bones; and the one has been turned backwards upon the 
hinder border of the scapula, while the other has been turned 
forwards upon the anterior border of the ilium, in consequence 
of the rotation of the extensor surfaces of the limbs in those 
directions S This diflSculty becomes therefore an argument 
in favour of the view that the rotation of the parts of the 
limbs that are free from the body is not accompanied by a 
corresponding rotation of the parts lying in the visceral wall. 

An important difference between the two limbs in mammals, 
which has a material effect upon the inferior components of 
the girdles, is to be found in the position of the limbs, or rather 
of the proximal components of the limbs, with regard to the 
respective girdles. The hind limb impinges upon the pelvis 
laterally. The direction of forces from it to the pelvis is con- 
sequently inwards as well as upwards; and this is associated, 
as a general rule, with the completion of the bony arch beneath 
which is effected by means of the great development of the 
ischium and os pubis, and the meeting of the pubic and perhaps 
the ischiatic bones of the two sides at the symphysis. The 
fore-limb including the humerus in mammals, excepting mono- 
tremes, is placed beneatii, that is, in a line with the scapula^ 
and the forces are consequently directed from it to the scapula 
more vertically than in the case of the hind-limb. The lower 
elements of the girdle are accordingly comparatively abortive, 
and do not approach the middle line. In monotremes, however, 
as well in the inferior classes, the fore-limbs are more sprawl- 
ing, the humerus runs out almost horizontally from the trunk, 
the glenoid cavity is more lateralized and the direction of forces 
from the limb is more inwards. Hence the lower elements of 
the girdle acquire a development more or less corresponding 
with those of the pelvis, and abut upon one another or upon 
the sternum. 

Another, but less important difference, to some extent 

^ In Mania the triceps arises from the whole length of the spine of the sca- 
pula, as wdl as from the hinder border. Journal of Anat. iv. 38. 
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associated with the preceding, is a rotation in opposite directions 
in the two girdles, which may be connected with the rotation 
in opposite directions in the two limbs already referred to. 
It must, however, be clearly understood that this is altogether 
different from the rotation of the ilium and scapula upon their 
longitudinal or vertical axes which I have been arguing against. 
The rotation to which I now refer is one upon a transverse axis 
drawn through the two acetabula in the case of the pelvis, and 
through the two glenoid cavities in the case of the shoulder*. 

In what we may suppose to be the primitive condition, 
as illustrated by the Chameleon and many other reptiles, the 
pelvic and scapular girdles are almost vertical. The nearly 
straight and flat ilium and scapula descend to the articular 
spaces whence the two inferior elements of either girdle pass 
inwards and downwards enclosing perhaps a space between 
them. The arm and thigh-bones run out nearly horizontally 
so that the axes of the two arm-bones, if prolonged inwards, 
would meet and form one horizontal straight line passing 
through both glenoid cavities and constituting the axis of the 
rotation of the scapula to which I refer. In like manner the 
axis of pelvic rotation is the axes of the two thigh-bones tra- 
versing the acetabula and meeting in the middle line. Now, 
the developmental rotation of the limbs takes place upon these 
axes, and is accompanied, or is often accompanied, by a corre- 
sponding rotation of the girdles upon the same axes. Thus 
when the hind-limb rotates so that the upper or extensor surface 
turns forwards, and the under or flexor surface backwards, there 
is a rotation, not of the ilium upon its vertical axis, but of 
the whole pelvis, turning the upper edge of the ilium forwards 
and the hinder edge of the ischium backwards. Also when the 
fore-limb rotates, so that its upper or extensor surface turns 
backwards, and its under or flexor surface turns forwards, the 
rotation affects, not the scapula upon a vertical axis, but the 
whole girdle upon a horizontal axis, turning the upper edge of 
the scapula backward and the coracoid forwards. 

I should observe, however, that this turning of the girdles 

^ It is a change of like kind with that which brings the pelvic bones of the 
fish into a horizontal position from the vertical direction of the interspinous 
bones (p. 63)^ It is however less in extent ; and in the shoulder girdle usually, 
ftnd in the pelvic girdle sometimes, -is in an opposite direction to that in the fish. 



76 PROFESSOR HUMPHRY. 

upon a transverse axis is very uncertain, and does not always 
correspond in amount or even in direction with that of the 
limbs. The pelvis, for instance, in rodents, in birds and the 
Frog undergoes very nearly a quarter turn; and the ischium 
is in the Beaver thrown nearly, and in the Great Anteater 
quite, into contact with the caudal vertebrae, and in A*i it is 
anchylosed with them; and in this animal and most birds, it 
sends forwards a process which nearly or quite blends with the 
hinder margin of the ilium, and converts the sacro-sciatic notch 
into a hole. In Pteropus the two ischiatic bones are united 
together in the middle line behind the tail. In the Kangaroo 
the turn hardly takes place at all; and in most saurians the 
pelvis is turned in a contrary direction, the ilium being slanted 
backwards. In the shoulder girdle the rotation is usually 
slight. In the through-bred Horse it is as marked as in any 
instance that occurs to me. Some of the elements are however 
not uncommonly slanted, i.e., grow out from the glenoid area in 
the direction indicated without the other or others being much 
altered. Thus in the bird the scapula is slanted backwards, 
although the coracoid maintains its primitive direction inwards ; 
and in all the mammals in which the humerus is directed down- 
wards from the shoulder, the inferior elements of the girdle, con- 
centrated in the small short coracoid, are directed forwards, 
although the scapular blade is but little altered from its primi- 
tive upward direction. It is here worthy of remark that as the 
backward projecting ischium of Ai and some birds comes into 
contact with, and unites with the backward growing hinder 
or sciatic spine of the ilium, so in Ai does the forward project- 
ing coracoid unite with the forward growing anterior or pre- 
spinal edge of the scapula and encloses the suprarscapular hole. 
A word or two respecting the clavicle. Imbedded in the 
superficial stratum of muscles and stretching across from the 
acromion or overhanging projection at the inferior extremity 
of the spine, i. e., the external ridge, of the scapula towards the 
median line, where it unites with its fellow by anchylosis or 
by ligament, and perhaps impinges upon the sternum, it seems 
to answer to the tendinous fibres called Poupart's ligament 
which, lying in or forming part of the superficial muscular 
stratum, stretch across from the anterior iliac spine, or over- 
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hanging projection, of the external ridge of the ilium, towards 
the median line. There they not only impinge upon and are 
implanted into the pubic bone, but some of the fibres are com- 
monly united in the median line with those of the opposite side. 
May not the interclavicle or epistemum, which in monotremes 
and saurians subtends the clavicles, and, extending beneath the 
sternum, gives origin on its sides to the pectorals, be regarded 
as an ossification of tissue homologous to that which subtends 
Poupart's ligaments and, extending beneath the symphysis 
pubis, gives origin on either side to the fibres of the gracilis. 
Further, are not both clavicle and Poupart's ligament serially 
homologous with the intermuscular bones in the blended obliqui 
extemi and recti of saurians where they occupy a plane under- 
lying, that is, superficial to, the costal cartilages. 

I conclude therefore that the following parts are respect- 
ively homologous. The pre-sjnnal ridge of the scapula, which 
forms the floor of the pre-spinal fossa, and the linea ilech-pectinea 
of the ilium: — the spirte of the scapula with the acromion, and 
the fore part of the blade and crest of the iUum with its anterior 
spine or angle: — ^the post-spinal part of the scapula, which forms 
the floor of the post-spinal fossa, and the hinder part of the 
blade and crest of the ilium; the posterior angle of the scapula 
corresponding with the posterior * spine' or angle of the ilium: — 
the hinder border of the scapula, and the hinder or sciatic 
border of the ilium :— the inner or ventral surface of the scapula, 
and the inner or true pelvic surface of the ilium, including the 
surface for articulation with the sacrum : — ^the coracoidy which 
in reptiles divides into coracoid and precoracoid with an inter- 
vening fenestra^ and the ischiatic and pubic bones with the 
obturator hole: — ^the clavicle, Si,ndPoupart's ligament: — the inter- 
clavicle, and the fibrous tisstte beneath the symphysis pubis. 

In order to obtain a correct apprehension of the relations of 
the muscles in the two limbs, it is necessary to bear in mind that 
the shoulder and pelvic girdles are developed in and form parts 
of the descending or visceral plates of the embryo, a half of 
each girdle on each side, that they lie in the innermost stratum 
of those plates and are connected with the several strata of 
muscles in them ; and that the limbs, as they emerge from the 
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ventro-lateral regions of those plates, carry out with them pro^- 
longations of their muscles which extend to greater or less 
distance and acquire attachment to the bony framework of the 
limbs. These muscles may be divided into a dorsal and a 
ventral series which converge respectively from the dorsal 
and the ventral aspects of the trunk upon the dorsal and the 
ventral aspects of the limbs, and form an external or superficial 
sheet upon them. A deeper sheet is formed by tha muscles 
passing from the half-girdle of each side to its limb. These also 
constitute a dorsal and a ventral series according to their con- 
nection with the part of the girdle above or beneath the point 
from which the limb springs. 

In the primitive state the extensor aspect of each limb is 
dorsal, and the flexor aspect is ventral ; and the dorsal muscles 
both from the trunk and the girdles pass upon the extensor or 
dorsal aspect of the limbs, and the ventral muscles both from 
the trunk and the girdles pass upon the flexor or ventral 
aspect of the limbs. In short, the several layers from the skin 
inwards are continuations of the several layers of the embryonic 
laminae and they are continued dorsally, ventrally, anteriorly 
and posteriorly upon the corresponding aspects of the limbs. 

Thus far the matter is simple enough ; and it is on the 
whole easy to refer the several muscles to their respective dorsal 
and ventral groups both in the trunk and the girdle series. 
Complications however arise from various causes which create 
some difiiculties, especially in the sub-division of the several 
groups and in the comparison of these subdivisions in the two 
limbs. 

Mrst, the members of the dorsal and ventral series do not 
always rigidly adhere to their respective aspects of the limb. 
The lateral or marginal muscles especially may overlap their 
appropriate margins and extend from a dorsal to a ventral 
aspect Thus the latissinms dorsi, which obviously belongs to 
the dorsal series and often blends with the triceps extensor 
cubiti, is not unfrequently continued on to the flexor aspect of 
the forearm: in Manis^ it is continued into the flexor digito- 
rum; and in Unau' the tibialis anticits is continued into the 
flexor digitorum pedis. 

^ JownuU of AnaU iv. 85. * Journal of Anat, iy. 67. 
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Secondly, a muscle may be attached higher or lower, or near 
to one or other margin of the dorsal or ventral aspect of its bone. 
The hMssimus dorsi, for instance, in the bird passes, on the 
radial side of the humeral part of the triceps, to the radial edge 
of the humerus ; in saurians it passes between the divisions of 
the triceps to near the middle of the dorsal aspect of the bone : 
whereas in mammals it passes on the ulnar side of the triceps 
to the ulnar margin of the bone. True, this kind of variation 
does not often occur to any great extent ; but it is not always 
easy to make sure respecting it ; and where it does occur it 
throws much doubt upon homological arrangement. 

Thirdly, although in the distal segments of the limbs the 
dorsal and ventral surfaces, as well as the radial or tibial and 
the ulnar or fibular margins, are pretty clearly defined, and the 
distinction between the dorsal and the ventral groups of muscles 
is comparatively easy, yet in the proximal segments, where 
there is only one bone in each limb, this is not the case, espe- 
cially in the middle and towards the upper ends of the segments. 
In many reptiles and birds, and in monotremes, it is true, the 
upper end of the humerus is flattened, and the dorsal and 
ventral surfaces are separated by anterior and posterior ridges 
which terminate in the anterior or radial and the posterior or 
ulnar projections or tubercles ; but in other animals the dorsal 
or extensor surface is increased at the expense of the ventral or 
flexor surface. The marginal lines and tubercles are pressed or 
folded to the flexor side and come almost into apposition, 
leaving between them, it may be, little more than the inter- 
space for the biceps tendon. It is difficult in some such cases to 
define how much appertains to the dorsal and how much to the 
ventral surface ; and the difficulty is increased by the fact of 
the niuscular attachments overstepping what may morphologi- 
cally be called their proper limits. In the case of the femur we 
rarely meet with so equal a division into dorsal and ventral 
aspects as is seen in the humerus of the animals just men- 
tioned! Here too the extensor is increased at the expense of 
the flexor surface, which is partly in consequence of the flexor 
muscles of the leg having little or no connection with the 
femur : the lateral margins of the shaft are folded almost into 
contact in the linea aspera, and sometimes, as in saurians, 
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the lateral tubercles are blended into one ventrally-placed 
spine. 

Fourthly y the rotation of the fore and hind limbs in opposite 
directions necessarily tends to increase the confusion. It does so, 
not simply by reversing the relative position of the muscles, but, 
I think, also by impressing in some instances an opposite 
developmental tendency upon the muscles of the two limbs and 
causing them to be directed in each towards that margin or 
that tubercle which will be most appropriate to their action in 
the final position of the limb. This seems to me to be an 
explanation of the fact which has been the source of so much 
embarrassment to homologists, and which indeed precludes an 
exact serially homological comparison of the fore and hind limbs, 
viz., that the muscles from the dorsal aspect of the scapula pass 
to the radial tubercle of the humerus, while those from the dorsal 
aspect of the ilium pass to the fibular tubercle of the femur. 
Those tubercles in the two limbs, though homologically different, 
yet in size, in position, in function, and to some extent also in 
muscular relations, are made to answer tt> one another. That 
the course of muscular transformation in the embryonic plasma 
should be thus conformed to the future requirements of the two 
limbs is no more than other modifications would lead us to 
expect ; especially when we find the dispositions just referred 
to, of the latissimus dorsi in birds and saurians, and of the 
.tibialis anticus in Manis, presenting instances of a like kind in 
corresponding limbs. 

Fifthly, more numerous are the infringements of serial 
homological order presented by the blood-vessels and nerves 
passing to the several muscles in the two limbs. The blood- 
vessels are perhaps the most conformable of animal structures, 
which is no more than would be expected from their mode of 
formation and their disposition, and they give us very little 
help in our present task. From the nerves, more of definiteness 
in arrangement and tenacity of serial homology is to be ex- 
pected, than from the blood-vessels. Still, when we mark the 
differences in the disposition of the nerves in the two limbs, and 
the intricate manner in which the nerves passing to the limbs 
are respectively blended in the cervical and the lumbo-sciatic 
plexuses, our confidence in any readily available assistance from 
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this quarter in cases of difficulty, in the present state of our 
knowledge, is very much shaken. Further investigation and 
more accurate dissection may exhibit more harmony in the dis- 
position of the nerves in the two limbs than we can at present 
trace, and may not improbably lead to a modification of some of 
the views to which we are now led. 

I will now endeavour to make a comparison of the muscles 
about the shoulder with those about the hip, in accordance with 
the principles I have laid down ; and first, of the muscles passing 
from the trunk to the limbs. These may be arranged into 
dorsal, ventral, anterior and posterior. The last two might be 
described as lateral muscles, being derivatives from the great 
lateral system of muscles which is so fully developed in the 
fish. 

The DORSAL trunk-muscles pass from the vertebral spines to 
the limbs, and consist of a supei*ficial and a deep layer. 

The superficial layer is composed of the trapezius^ the latis- 
simus dorsi and the gluteus maximiis. These form a nearly 
continuous series ; and their several parts, that is to say, their 
several component portions passing from the several vertebral 
spines, may be regarded, generally speaking, as serially ho- 
mologous \ Each of them is therefore, in this sense, serially 
homologous with the others ; and the attachment of the latissi- 
simus dorsi to the crest of the ilium is a repetition of the 
attachment of the trapezius to the scapula. The similarity, 
however, between the latissimus dorsi and the gluteus maximus 
is very evident. The former passes over the hinder angle of the 
scapula, deriving fibres from it, lies on the ulnar side of triceps, 
and is implanted into the dorsal aspect of the humerus usually 
near the ulnar ridge. It is often blended, to some extent, by 
means of connecting slips with the triceps ; and prolongations 

^ I use the phrase * serially homologous' in this and some other places to in- 
dicate not merely the corresponding muscles in the upper and lower limbs, but 
algo the muscular bundles arising from corresponding parts of the vertebrsB in 
different regions of the column. Li this sense the several bundles of the trape- 
zius are serially homologous with one another and with the several bundles of 
the latissimus dorsi and the gluteus. The destinations of the collective bundles 
of the latissimus dorsi and of the gluteus indicate a more special serial homO' 
logy between these two muscles than between either of them and the trapezius. 
The whole are in a general way serially homologous, whereas some of them only 
are specially so. 

VOL. V. 6 
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of it occasionally pass to the ulnar condyle, or on to the flexor 
aspect of the forearm, being traceable as far as the wrist*. The 
gluteus in like manner frequently derives origin from the 
posterior angle of the ilium, lies on the fibular side of the 
quadriceps, and is implanted into the dorsal aspect of the femur 
usually, near to the fibular line. It sends a fascial expansion 
over the quadriceps extensor, and is frequently continued on to 
the flexor aspect of the leg chiefly on the fibular side as far as 
the ankle. 

The deeper layer of the dorsal series, which is probably 
a segmentation from the trapezius, consists of the rh^mhoil 
to which are sometimes added ih^'masto-^capular and the ocd" 
pito scapular^. These have no distinct representatives in the 
hind-limb. 

The VENTRAL trunk -muscles to the fore-limb are the Pectch 
rals. They pass on the radial side of the flexors of the forearm, 
and are attached upon the ventral aspect of the humerus near 
the radial line, which is here projected into what is called the 
pectoral crest. The superficial stratum, arising along the ventral 
mesial line from the sternum and the tissue superficial to it, from 
the epistemum and clavicle, when they are present, descends 
lower than the rest of the muscle, and is not unfrequently con* 
tlnued upon the radial side of the flexor surface of the forearm. 
It is represented in the hind-limb by the gracilis which, arising 
from the symphysis pubis and the tissue superficial to it, extends, 
upon the flexor surface of the leg, often to the ankle and to the 

^ In the Frog the latissirtms dorsi joins the hinder edge of the donalU sca- 
pulcB^ in which are blended the infraspinatus and teres minor and major, and its 
tendon passes with it on the radial side of the triceps to near the radial edge of 
the hmnerus just beneath the deltoid. In the bird (Owl) it arises in two 
separate small slips, one above the other, which pass together, between the sca- 
pular and humeral portions of the triceps, to the dorsal aspect of tiie pectoral 
orest just beneath the deltoid; it is separate from the teres major, which is large 
and runs to the dorsal aspect of the ulnar tubercle. In the saurian (Sdnc) it 
runs between the two scapular origins of the triceps, then between the two 
humeral origins, to near the middle of the dorsal aspect of the humerus : the 
teres major is separate from it and disposed as in the bird. In the two-toed Ant- 
eater it crosses beneath the flexor aspect of the humerus to the radial edge be- 
neath the pectoralis major {Journal of AnaU iv. 34, see there remarks on the 
disposition of this muscle). 

Indeed, both this muscle and the gluteus ma^mus are exceedingly variable 
in size, in the range of origin and insertion, and in the extent of limb covered by 
them. See disposition of Gluteus in Manis, Vol. iv. 52. 

' The cleido- occipital and cervicO'humeral are also occasional segmentatiouB 
from the trapezius, but do not belong to the deeper layer. 
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inner edge of the tibia. Deeper strata of the pectoral arising 
from the ribs cross the superficial fibres and take a more upward 
direction towards the upper part of the pectoral crest, and may 
extend to the coracoid or the clavicle. These, or parts of them, 
are sometimes segmented as distinct muscles — the pectoralia 
minor, and the siibdavius — ^The latter, as shewn by Prof. Holies* 
ton, in the bird passes on over the coracoid to the humerus, 
constituting the pectoralis secundus. It still conforms to the 
disposition of the members of the ventral group in being in- 
serted on the ventral aspect of the radial tubercle. These 
deeper strata do not appear to have any distinct representative 
in the hind-limb. It may be that they are there merged in the 
adductor series. 

The POSTEBIOR trunk muscles paissing to the fore-limb are 
the aerrtxtus mugntis, arising firom the ribs behind and beneath 
the scapula, and inserted into the hinder or upper border of the 
bone, and the stemo-coracoid which passes from the deeper sur- 
face of the sternum to the deeper surface of the coracoid in the 
animals in which the coracoid and sternum are in contact. The 
brachial vessels and nerves pass between these two muscles. 

The ANTERIOR tmnk muscles are the levator acapuloe^ and 
omohyoid, which are inserted into the anterior border of the 
scapula*. 

The fibres of the quadratus hiniborum which pass from the 
transverse lumbar processes to the hinder part of the anterior 
margin of the ilium are probably the serial homologues of the 
levator scapuke. The other lateral scapular trunk-muscles do 
not appear to be represented by any distinct pelvic trunk- 
muscles; but there are pelvic trunk -muscles — ^the sacro-lum' 
halisy ischdo-coccygeus, &c., which have no distinct representatives 
in connection with the scapula. 

There remain the psoas muscles, the relations of which to 
the quadratus lumborum and iliacus intemus indicate that their 
representatives if present would appear anterior and internal to 

^ ^ The levator sca^nda and the terratus are often coniinnonB, so that the two 
might be described as one nmsde lying before, behind, and beneath the scapula. 
'It is worthy of remark that in Echidna the omohyoid preserves its nsual 
lelations, being inserted beneath the snpra-spinatns into a faint ridge which 
represents the anterior border of the scapula, and resembles the ilio-peotineal 
line of the human ilium. 

6—2 
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the levator scapulae and the supra-spinatus. The cervico-hume-' 
red does not usually answer to the conditions; but it is extremely 
interesting to note that in Phoca (Vol. ii. 299) one portion of 
this muscle extends from the transverse process of the atlas 
to the anterior angle of the scapula, and overlaps the supra- 
spinatus, thus presenting very close homological relations to 
the psoas parmis; and in that and some other animals an 
extension of the levator scapulce into the fascia over the supra- 
spinatus remind us of the relations of the psoas magnus to 
the iliaciis internum. 

We come now to the muscles passing from the shoulder and 
the pelvic girdles to the humerus and the femur. They may 
be divided into dorsal and ventral, anterior and posterior, which 
are disposed accordingly upon the dorsal and ventral, the anterior 
and posterior aspects of the shoulder-girdle and humerus, and 
the pelvic girdle and femur. 

The DORSAL series of girdle-muscles in the fore-limb consists 
of the deltoid, infraspinatus and teres minor. The deltoid 
passes from the spine of the scapula, the acromion, and the 
outer part of the clavicle to the extensor or dorsal aspect of the 
radial line of the humerus, nearly opposite to the attachment of 
the pectoral. It sometimes (Orycteropus) extends with the 'flexor 
of the forearm to the radius, and in Manis it joins the supinator 
radii longus^. It seems to be represented by the sartorius, 
which arises from the anterior iliac spine often extending upon 
Poupart's ligament, and is inserted either into the dorsal aspect 
of the tibial line of the femur internal to the vastus internus, or 
passes down to the tibia, meeting the gracilis much as the 
deltoid meets the pectoral I may observe that the occasional 

* Journal of Anat. iv. 36 and 40. The extensor plica alaris of the bird 
may also be regarded as a derivation from the deltoid to the supinator and the 
radial edge of the wing. The clayicolar and the scapular parts of the deltoid 
are not unfrequently separate ; and the latter sometimes blends with the triceps 
{see Pteropus, Journal of Anat, iii. 305). This part may be represented by the 
tensor vagina femoris^ which is sometimes inserted into the dorsal aspect of the 
femur. 

In Manis, the sartorius^ tensor vagina femoris^ and gluteus maxivvas are con- 
tihuous ; and in that animal the supinator longus extends up to the spine of the 
scapula, displacing the fore part of the deltoid^ reminding us of the connection 
of the supinator with the deltoid in the bird, and suggesting the serial homolo- 
gical relation of that connecting portion and of the extensor plica alaris with the 
sartorius. See Disposition of Sartorius, in Vol. rv. 55. 
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extension of the grcLcilis upon the inner, and of the aartorius 
upon the outer part of Poupart's ligament, remind us of the 
extension of their homologues — ^the pectorcdis major, and the 
deltoid — ^upon the inner and outer parts of the clavicle. The 
relation thus established between the gracilis and sartoriua 
with the extermil oblique, resembling that of the pectoral and 
deltoid with the cleido-rruistoid and trapezius, and the occasional 
continuity of the sartorius and tensor vagince femcyris with the 
gluteus magnus, suggest that all these muscles appertain to, 
and are segmented from, one continuous muscular stratum 
passing from the anterior and posterior median lines of the 
trunk upon the limbs*. 

The infrorspinatus and teres minor are represented by the 
gluteus vnedius amd minimus. The segmentation in each instance 
is often incomplete. The two in the fore-limb are sometimes 
fonned into one dorsalis scapulce. The difficulty in the com- 
parison of these muscles caused by those in the fore-limb passing 
to the radial tubercle, while those in the hind-limb pass to the 
uhiar trochanter, has already been alluded to, and I hope, 
removed. 

The teres major passes from the hinder angle of the sca^ 
pular on the ulnar side of the triceps, to the ulnar edge of 
the humerus, and is the Posterior girdle-muscle of the fore- 
limb. It is commonly placed upon the dorsal aspect of the 
angle though it sometimes lies upon the ventral aspect*; and 
it sometimes passes on to the dorsal aspect of the humerus. 
It is often related in its whole length to the latissimus dorsi, 
yet is sometimes quite separate from it. It is sometimes (Frog) 
apparently blended with the infra-spinatus and teres minor in 
the dorsalis scapulae ; though when separate its nervous supply 
is from a different source (the subscapular). Its general rela- 
tions therefore give it rather a dorsal character. This makes 
me hesitate to compare it with the pyriformis in the hind-limb, 
which, arising slightly from the ventral aspect of the posterior 
spine of the ilium, and largely from the same aspect of the 
transverse processes of the sacral and caudal vertebrae, and 

^ See remarks in paper on Anatomy of Oryoteropns in Vol. ii. 298. 

' In Manis I found it arising from the hinder border and inner surface of the 
scapula internal to the trioeps. Journal of Anat. iv. 86 ; also in Orycteropus, 
n.300. 
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inserted into the ventral aspect of the fibular trochanter, has 
a more ventral situation. Yet the position of the two muscles 
on the whole, their relations to the hinder borders of the 
scapula and the ilium, to the great vessels and nerves of the 
two limbs (these passing over the inner aspect of the muscle 
in each instance) and to the circumflex and dorsahs scapulae 
vessels in the one case, and the glutfleal vessels in the other 
(these vessels crossing in front of the respective muscles and 
passing between them and the borders of the scapul® and 
ilium) — added to the fact that the pyriformis is often absent, 
or blended with the gluteus medius, just as the teres major 
is often blended with the infra-spinatus — indicate a correspond- 
ence that cannot be overlooked \ 

The ANTERIOR girdle-muscles are the supror or pre-spinatus 
in the fore-limb and the iUacua intemus in the hind-limb. 
The former passes from the pre-spinal fossa of the scapula, 
over the fore part of the coracoid and shoulder-joint, to the 
edge of the radial tubercle of the humerus; and the latter 
passes from the pre-spinal fossa of the ilium, over the precora- 
coid and fore part of the hip joint, to the edge of the tibial 
trochanter of the femur*. In the fore-limb of the saurian 
the prespinatua extends upon the broad precoracoid, and in 
the hind of the same animal, the ilictcua intemus extends upon 
the broad pubic bone, or pre-ischium. 

The VENTRAL girdle-muscles pass from the lower elements 
of the girdles, the coracoid and the ischiatics, to the ventral 
aspect, and chiefly to the ulnar and fibular sides of the 
humerus and femur. They are formed chiefly in the fore- 
limb by the coraco-brachicds and, in the hind limb, by the 
adductors, including the pectineus, and the external obturator. 
AU these vary in size and number in accordance with the vary^ 
ing development of the bones from which they spring", and 

1 The remarkable mnscle in sanrians called PyriformiSf which arises by a 
long thick fleshy belly from the xmder surface of the transverse processes of 
several caudal vertebrsB, and is inserted by a strong tendon on the tibial side of 
the single ventrally placed trochanter, and which detaches at right angles a 
tendon to the fibula, presents strong claim to its name, and is probably either 
the homologne or the serial homologue of the pyriformis of mammals. 

^ The iliactu frequently extends lower down on the femur, and the vwpra' 
tpinatas occasionally (Phoca) extends lower down on the humerus. 

3 In Cyclothiirus and Mauis where there is no appreciate coracoid there is no 
coraco-brachialis. 
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are accordingly more numerous and larger in the hind- 
limb than in the fore-limb, and in the fore-limb they are 
larger in ovipara and monotremes than in ordinary mammals. 
When the coraco-brachials are extensively disposed along the 
humerus, they are pierced by the brachial artery, paaeing 
from the extensor to the flexor aspect of the limb ; just as in 
the hind-limb the adductors are pierced by the femoral artery 
passing from the front of the thigh to the ham\ 

These remarks apply to the coraco-brachials and adductors 
which arise from the exterior of the coracoids and pub-ischiatia 
But there coraco-brachials which arise from the internal surface 
of the coracoids in the animals where those bones are prolonged 
to the sternum, and which either join the external coraco- 
brachials, and pass with them down the humerus; or which 
ascend to the ulnar tubercle of the humerus". There is often — 
and that is the case in saurians — one of each, that is to say, 
there is an inferior internal coraco-brachialis, which passes from 
the internal surface of the coracoid to the shaft of the humerus, 
and a superior internal coraco-Wa^hialis which passes from 
the inner surface of the coracoid to the ulnar tubercle of the 
humerus. The latter is the larger, and is closely connected, 
or continuous, with the svbscapularis, I apprehend that these 
internal coraco-brachials (one or both) are represented by the 
internal ischio-femoral (the obturator internum or the lower 
part of it) which passes from the internal surface of the ischio- 
pubic bone and the obturator ligament to the ventral aspect 
of the fibular trochanter. The upper bundles of the obturator 
which are expanded upon the ventral surface of the ilium, 
beneath the ilio-pectineal line, appear to correspond with the 
svhscapularis. The quadraitis femoris is merely a segment of 
the addvjotoT Tnagnus; and if any special homologues of the 
gemdli are to be sought, it must be in the coraco-brachial groups. 

^ There are in many animals two external ooraoo-brachials, one passing to 
the internal condyle and lower part of the humerus, and the other inserted 
higher up, beneath the ulnar tubercle. The vessels pass between the two. 

^ This upper internal coracoid is described by Mr Mivart in his exceUent 
paper on the Echidna (Linn. Trans, xxv. 385). I can bear witness to the cor- 
rectness of his description of this and most of the other muscles of that animal. 
The coraco-brachial of the bird belongs to this internal set, whereas the 
BO called peetoralis tertius^ shewn by Prof. BoUeston to be a coraco-brachial, 
belongs to the external set. 
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EXPLANATION OF PLATE IIL 

Fig. L The outer surface of the pelvis of an Echidna (natural 
Bize) : 2. the same of a Beaver (one half of the natural size) : 3. the 
same of a Hare (natural size) : 4. the same of Pteropus. In all 
these iL is the surface for the iliacus muscle, and gl, that for the 
gluteal muscles. 

Fig. 5. The outer surface of the scapula of a Horse (one-fifth the 
natural size) ; 8. sp, the surface for the supra-spinatus muscle ; i. sp. 
the surface for the infra-spinatus muscle. 

Fig. 6. The outer surface of one side of the shoulder girdle of a 
Chameleon (nat. size). 

Fig. 7. The outer suiface of one side of the pelvic ^rdle of a 
Chameleon. 



THE ACTION OF THE HORSE. By Neville Goodman, 

M. A., St Peters College, Cambridge. 

My only reason for making any criticism (Vol. IV. p. 8. of this 
Jcmmal), on Mr Gamgee's remarks (in VoL ill. p. 370) on the 
action of the horse, was that I found in an article which pro- 
fessed to correct previous errors, a statement which my previous 
knowledge, however small, enabled me to recognize as incorrect. 
Mr Gamgee, in his last article (Vol. IV. p. 235), has so 
entirely evaded all reference to his own error and my refutation 
of it as to leave the impression that, while he has been too 
keenly aware that I made some criticism upon his aiticle, 
he is quite ignorant of its nature. The sole result of that 
criticism, so far as he is concerned, is to produce the statement 
that "he cannot find a sentence that requires altering," and 
that "he holds to the strict accuracy of his paper." I am 
compelled, therefore, to reiterate that the sentence which I hold 
to be strictly inaccurate, and which no amount of alteration* 
short of making it mean exactly the reverse of what it does 
mean, could make it approach the truth is the following (Vol. 
IIL p. 371.): "The horse in the fast paces, as in the slowest 
movement^ has never less than two of his feet acting on the 
ground." This statement I demonstrated to be false from 
Mr Gamgee*s own diagram and accepting his own measure- 
ments. When therefore, Mr Gamgee makes this the occasion 
of stating that his *' conclusions are based on observations and 
accurate measurements of the paces of hundreds of horses,** 
he simply strengthens my proof of the incorrectness of this 
statement. I can only refer the readers of this Journal to 
my remarks on this point, and leave them to judge whether 
Mr Gamgee has left this position so totally undefended, because 
it is impregnable or indefensible. Surely too Mr Gamgee ex- 
hibits a misplaced sensitiveness, when he notices that I speak 
of ike horse from which he took his measurement ; for in looking 
back to his first article, I find that he himself in speaking 
of the diagram to which I referred, states that it is taken from 
the footing "of a two-year-old colt in training." I have no 
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wish to depreciate Mr Gamgee's experiments. If he has taken 
accurate measurements of the paces of hundreds of horses, 
I know how laborious the process, and am only surprised that 
such labours led him to form a theory which a few moments' 
thoughtful digestion would have shewn to be untenable. 

Though Mr Gamgee has failed to meet, or even to notice 
my objections to what I conceive to be his error, I will not 
follow his example by evading his strictures on what he thinks 
to be mine. My statement, that ''there is no essential dif- 
ference between the canter, gallop, and racing pace " is looked 
upon as erroneous. Now what I meant by this, and what I 
think the words imply, is that a horse passes from the slowest 
prancing and curvetting through the paces usually called can- 
tering, to the hand-gallop, and so on to the fiill gallop by 
insensible degrees, so that it is impossible to draw any fast 
line between these paces. Mr Gamgee states that the "charac- 
teristic of the canter which distinguishes it from all other 
paces, is the parallel position of the leading fore, and its di- 
agonal hind foot at every third step." This definition is totally 
without meaning of any kind. The phrase "third step" is 
ambiguous, and the two feet mentioned are, of course, always 
parallel. As, however, the words "as shewn in the diagram" 
are added, we learn that what the writer intended to state 
is, that a horse canters when, in each stride or complete series 
of actions without repetition, he brings his left hind foot as 
far forward as the place on the ground once occupied by the 
right foot. The far more important question of when rela- 
tively, in time, these two feet occupied those points is entirely 
ignored. If the writer chooses thus to define the canter, of 
course he can do so. That a horse would be said to be can- 
tering, and does really carry his rider easily both when the 
left fore leg falls short and oversteps this relative position, 
I am convinced. To establish my own so called erroTy I have 
obtained accurate measurements of the tracks .of a horse 
when passing through the paces above enumerated. During 
this operation the measurements show that the horse passes 
through exactly the position defined by Mr Gamgee as the 
canter^ but I am so convinced that this definition is an arbitrary 
convention, that I would put the horse through the same series 
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of actions, and defy any one either on or off the horse to 
detect at what moment the horse is cantering according to 
Mr Gamgee's definition. 

Holding as I do to the truth of my own statement about 
the canter, I am precluded from giving a strict definition of 
this pace ; but, as easy carriage is the desideratum of the canter, 
I should say that this is best accomplished when the right 
hind foot and the left fore foot come to the ground at the same 
moment after the boimd, in which all four legs have been 
lifted from the earth. According to this definition young foals 
canter, and so do sheep and pigs and other quadrupeds which 
I have closely observed. Mr Gamgee is not very explicit when 
he states that the canter of the horse differs as much from the 
gallop ''as dancing does from walking and running in man/' 
If he means that cantering is a purely artificial pace, he is 
certainly wrong. 

In conjunction with my brother, Mr Albert Goodman, I 
have collected some facts, and made some deductions from 
these concerning the paces of the horse ; but as we intend to 
put our theories to the test of constructing somewhat elaborate 
Zootropes according to these theories, and then seeing whether 
the judgment of the eye confirms the inferences drawn, I shall 
leave all further remarks on this interesting question until these 
are completed. 



ON THE ACTION OF NITRITE OF AMYL ON THE 
dRCULATION. By T. Lauder Brunton, M.D., D. Sc 

The property of causing flushing of the face, and throbbing of 
the carotids which nitrite of amyl possesses, was first observed 
by Guthrie in 1859, but no farther notice of it was taken 
till Dr Richardson in 1866, again drew attention to it. His 
experiments led him to conclude that it paralyzed the nerves 
from the periphery to the centre, lessened the contractility of 
the muscles and dilated the capillaries in the web of the 
frog. They were shortly afterwards repeated by Drs Gamgee 
and Rutherford, who however, found no action on the nerves, 
either sensory or motor, and rarely any on the capillaries of the 
frog. In some other experiments, also unpublished but whose 
result they have kindly communicated to me, they found that 
the sphygmographic tracing of the radial pulse undergoes a re- 
markable change, the waves becoming much more frequent and 
their ascent, but especially descent, much more rapid ; and the 
pulse-rate and pressure in a manometer connected with the 
carotid of a rabbit fall when the vapour of the nitrite is inhaled. 
Previous division of the depressor nerves did not affect the 
result. 

The diminished blood-pressure which it produces, led me to 
apply it in angina pectoris, and the good results I obtained 
made me anxious to investigate more closely the nature of 
its action. An excellent opportunity for doing so was afforded 
me by the kindness of Professor Ludwig, in whose laboratory at 
Leipzig, the experiments, the result of which I am about to give, 
were carried on. With the exception of one or two on dogs, 
they were made upon rabbits; and instead of allowing the 
animals simply to inhale the vapour, artificial respiration was 
employed, the apparatus being so arranged that the air could 
be either sent direct from the bellows, through a tube in the 
trachea, to the lungs, or passed through a vessel containing the 
vapour of the nitrite. The advantages of this arrangement 
were, that the bellows being worked by an engine with great 
regularity, the disturbing influences of unequal respiration on 
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the blood-pressure were to a great extent avoided. One of the 
chief of these is that any strongly-smelling vapour, and nitrite 
of amyl among others, acting on the nose of rabbits, causes 
suspension of the respiration for a short time ; and the altera- 
tion in the condition of the blood thus produced causes irrita- 
tion of the vagus and slowing of the heart's action; such as 
Drs Rutherford and Gamgee found accompanying the sinking 
of the blood-pressure in rabbits. 

When air charged with the vapour was passed directly into 
the trachea of a rabbit the blood-pressure almost immediately 
sank very much, but the pulse-rate remained nearly unchanged. 
As the pressure sank general convulsions took place and the 
pressure immediately rose notwithstanding the continued inha- 
lation of the vapour, the pulse curves becoming at the same 
time indistinct, so that the rate could not be well ascertained. 

When the vapour was discontinued after 20 seconds the 
pressure rose still more quickly, and in a minute at most 
attained its normal height as is seen in Fig. 1. where the 
distance along the abscissa indicates the time and the ordinate, 
the pressure in millimetres of mercury. This shows that very 
small quantities of the drug produce a great eflfect and that its 
action speedily passes oflF, the vapour being either excreted or 
destroyed in the body. 

In order to avoid the disturbance occasioned by the con- 
vulsions, the animals were then poisoned by curare and the 
vapour administered. The pressure, as before, sank immedi- 
ately and did not return to the normal amount so long as 
the inhalation was continued. It did not however sink con- 
stantly and then remain at a definite minimum, but oscillated 
up and down just as Traube observed it in curarized animals, 
and as is shown in the last two curves of Fig. 1. 

It is possible that the convulsions which occur readily in 
rabbits, but which I have only once, and that to a very slight 
extent seen in man, are suffocative, like those produced by 
CO, for Dr Gamgee has shown that nitrites acting on the 
blood prevent hamoglobin from giving up its O. This is the 
more probable as the respiration is first affected and if a drop 
of nitrite of amyl be mixed with water and the vapour thus 
diluted be administered, the limbs remain quiet but the ani- 
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mal begins to make respiratory movements independently of 
the bellows, and when the vapour is less diluted these become 
more and more marked till general convulsions take place. 
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The diminislied blood-pressure might be due either to a 
lessened power of the heart, or a dilatation of the arteries and 
a consequently diminished resistance. That the latter is the 
true cause, is rendered probable by the flushing which the 
vapour causes, both in the human face, and the rabbit's ear, and 
is shown by what might at first seem an anomalous action 
in some dogs. When the pulse in dogs is slow, the inhalation 
of amyl produces comparatively little eflfect on the blood- 
pressure ; and it might be thought that its action was diflferent 
in them from rabbits, but the reason is that the pulse, which in 
rabbits is naturally rapid, and remains unchanged by the out- 
side, becomes in these dogs, remarkably quick almost as much 
so as in rabbits. If the vagi be first divided, so that the pulse 
in the dog becomes quick like that of the rabbit, and the 
nitrite be then inhaled, the pressure falls just as in rabbits. 
In order to confirm this view, and at the same time to decide 
the question, whether the dilatation of the vessels was due to 
a direct action of the substance upon them or to a diminution 
in the tone which the vaso-motor nerves derive from the medulla 
oblongata, another series of experiments was undertaken. This 
question was the more interesting from its connection with ano- 
ther research which I began under Professor Ludwig's direction, 
but unfortimately have not yet finished. Professor Ludwig 
observed, and directed my attention to the fact, that the altera- 
tion in the lumen of arteries noticed by Schifif, in the rabbit's 
ear, may be seen also in all exposed arterial twigs in the skin 
and connective tissue. They vai-y in amount and rapidity in 
dififerent animals, and in the same animal at different times. 
They are sometimes absent, but in such cases may be generally 
produced by poisoning with curare, or by suspending the respi- 
ration, and when once aroused, they continue some time although 
the respiration be afterwards most carefully performed. 

That these alterations are, at least in part, completely inde- 
pendent of the vaso-motor nerves in the brain is shown by their 
occurrence in the ear and other parts, after all the nerves 
sympathetic and cerebrospinal going to the part have been 
divided, and after division of the cord in the neck notwith- 
fitanding the low pressure which then remains. 

The form of the variation^ shows that they do not depend 
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on varying blood-pressure in the large arteries for sometimes 
a contraction suddenly appears between two parts of the artery 
filled with blood, and in one case in the rabbit's ear I noticed 
such a contraction take place in a small artery at the point 
where it branched off from a larger one, and proceed peristalti- 
cally downwards. 

The lightest touch on an artery after division of the nerves, 
causes a movement generally limited to the part, and consisting 
not in a contraction, but in dilatation which remains for some 
time, and gradually disappears. As Gunning and Cohnheim 
have made similar observations on the tongue and web of the 
frog, and some facts in Sadler's research (see on Physiology) 
can only be explained by an independent motion of the vascular 
walls, it seems to be a widely extended and therefore impor- 
tant phenomenon. If the nitrite acts through the vaso-motor 
centres in the brain, it should have no effect if these be sepa- 
rated from the vessels by dividing the cord in the neck, but if 
its action be exerted directly on the vessels, the division of the 
cord will not prevent it, and that it in fact does not do so, will 
be seen from Figs. 2 and 3. The blood-pressure, which had 
•sunk very low after division of the cord, sank yet farther when 
the nitrite was inhaled. Although the sinking was not abso- 
lutely great, it was so relatively to the very low pressure already 
existing and was analogous to that observed on the section of 
a second splanchnic nerve after division of the first. The other 
experiments to prove that the diminished blood-pressure after 
inhalation, is due to dilation of the vessels, and not to a 
weakened heart, consisted in compressing the aorta below the 
diaphragm and then administering the nitrite. If the diminu- 
tion in pressure was due to a weakened heart, the inhalation of 
the nitrite should at once cause a diminution in the pressure 
to which the blood had attained after compression of the aorta. 
•As only the circulation in the lower part of the body was in 
this way cut off, we cannot expect that no sinking should 
take place, but only that it should be less than the normal 
In order to diminish the error from this source, these experi- 
•ments were made after previous division of the cord in the 
neck so that the vessels should become relaxed, and the differ^ 
«nce produced in their calibre by the vapour being thus less. 
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The results obtained were as shown in figs 4, 5 and 6, that some- 
times a rise took place during the inhalation, but generally a 
sinking, much less however than in the normal condition. 

We may therefore conclude that the diminution in the blood- 
pressure is not due to weakening of the heart's action, but to 
a dilatation of the vessels, and that this depends on the ac- 
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«- Inhalation begnn. * Inhalation stopped; at the beginning of the last three 
observations the Aorta was compressed. o Aorta opened. 



tion of the nitrite on the walls of the vessels themselves. 
Whether this is due to its action on the muscular walls them- 
selves, or the nerve-ends in them, cannot at present be with 
certainty said ; and further experiments must be made to de* 
termine whether the walls of the arteries are the only structures 
consisting of unstriped muscle which are affected by it. 
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The further dilatation which takes place after the usual 
tone of the vessels has been destroyed by division of the cord, 
seems to indicate that it is of an active nature analogous to 
that in the vessels of the penis after irritation of its nerves; 
and this would point rather to an affection of the nerves than 
of the muscular fibres. In conclusion, I desire to express my 
warmest thanks to Professor Ludwig for the great kindness 
he has shown me, and for his invaluable advice and assistance 
in this investigation. 
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THE PHYSICAL RELATIONS OF CONSCIOUSNESS 
AND THE SEAT OF SENSATION, A THEORY 
PROPOSED. By Professor Cleland, Galway. 

[Read at the British Association Meeting at liyerpool.] 

In venturing to disturb the theory of Sensation as it has long 
been taught, I am very sensible that it may be difficult to 
obtain a patient hearing, seeing that it is a theory universally 
received; yet there are important points which that theory 
leaves unexplained, points familiar to all, and which only require 
to be. mentioned for every one to admit, that as the theory at 
present stands, they are totally inexplicable. That theory may 
be shortly stated thus: — ^that an irritation applied in the neigh- 
bo^rhood of a nerve-extremity produces an impression which is 
conducted along the nerve till it reaches the seat of conscious- 
ness in the brain; and that the mind, affected by the impres- 
sion, becomes thereby cognisant of a sensation, which it refers 
to the extremity of the nerve along which the impression has 
been conducted. Further, let it be recollected that nervous 
impression is nothing but a physical condition, some of the 
peculiarities of which have been laid bare by experimenters, 
and which is capable of affecting any of the nervous elements, 
viz. nerves, both motor and sensory, and nerve corpuscles. 

In speaking of nervous impression thus defined, we deal 
with a matter of fact, although we are not thoroughly ac- 
quainted with its details; but in stating the doctrine of the 
modus operandi of sensation we have merely to do with a theory. 
•This theory is, however, a physiological as well as psycho- 
logical theory, and involves the consideration of the functions 
of nervous structures, as well as the laws to which conscious- 
ness is subject ; and I am all the more anxious to point this 
out, because the physiologist is liable to think that where con- 
sciousness is involved physiology cannot be concerned, whereas 
the doctrine of sensation, although it relates to a matter on the 
psychological frontier, is arrived at from physiological data — 
and it is because it is^ as I hope to shew, at variance with 
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other anatomical and physiological data that I find fault 
with it. 

It may be taken as certain that when a nervous impression 
is conducted to the seat of consciousness in the cerebral hemi- 
spheres, corpuscles there enter into a corresponding condition to 
that of the conducting nerve, precisely as a corpuscle which is 
the turning-point in a reflex action is no doubt affected by the 
condition which it receives from the sensory and passes on to 
the motor nerve. But if we imagine that in an act of conscious- 
ness the corpuscles of the hemispheres undergo any change 
other than that of passing into the impressed condition studied 
in nerves, we become guilty of an assumption which has the 
plain objection of being unfounded. That assumption is unfor- 
tunately often made, apparently from confusion of ideas; for 
authors, particularly medical authors, speak as if mental im- 
pressions lodged in the brain; whereas nervous impression, the 
only active condition into which there is evidence of the brain 
parsing, is a physical state of a uniform nature, whUe, on the 
other hand, a mental impression is the presence of a notion in 
the mind, and the variety of such notions is infinite. I shaU 
return to the consideration of the bearing of this remark on 
views as to the details of the functions of the hemispheres, but 
wish fii-st to direct attention to the difficulties of the received 
doctrine of sensation. 

I own that, even supposing all difficulties as to the route 
pursued by impressions from the periphery to the brain to 
be removed, to me it is utterly inconceivable that the sites 
of irritations over the whole surface of the body should be 
minutely indicated, and a more vague appreciation of the 
positions of internal irritations be obtained, by differences in 
the cerebral termini of the impressions conveyed from different 
parts. The supposition involves the difficulty that there is no 
mode by which the mind of the child could ever learn to 
associate the changes taking place at the cerebral termini with 
changes at different parts of the surface. If the consciousness 
were ignorant of the surface of the body at the commencement 
of life, it must continue always to be so, for want of means 
from which to derive the information; no amount of custom 
could avail it, for the mind gets all its experience from the 
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senses, and until it could refer sensations to the parts of the 
body from which they were derived, it could gain no experience 
of the external world whatever. Therefore the doctrine of 
sensation necessitates the assumption that the functional union 
of the parts of the periphery with different termini in the brain 
is primordial, and that the surface of the body is minutely 
represented or repeated by a number of points in the brain, 
which, however confusedly massed together, derive their pro- 
perties from their connections. 

This assumption has possibly never been stated in this form 
before, but it is one from which the received doctrine of sensa- 
tion allows no escape, and surely it is an assumption sufficient 
to arouse some suspicion of the doctrine which demands iL If 
it be true, it seems strange that some of those termini are not 
often the seat of disease while others escape, that we do not 
meet with paralysis of the sensation of limited patches of the 
body occurring from limited cerebral lesions, and that nothing 
of the sort has been laid bare by the experiments of vivisectors. 

If we now contemplate the routes by which impressions 
from the periphery reach the brain we meet with other difficul- 
ties. It is plain that if the mind is affected by the condition 
of cerebral elements as if they were situated at the parts from 
which they receive impressions, then the accuracy of the mind's 
knowledge of the periphery is dependent on the number of such 
elements which receive impressions from distinct parts, and 
that each distinctly recognisable spot of the body must be joined 
by a separate tract with its own cerebral terminus. That 
tract may be inten'upted by corpuscles with branches in other 
directions, and must be so to account for reflex actions, but it 
cannot, in any part of its course, pass through a fibre common 
to it and another spot of the periphery, without the conscious- 
ness being bereft of all means of distinguishing the one spot 
from the other. But all that we know of the structure of the 
cord notoriously contradicts the notion of such an arrangement, 
— an arrangement which would involve the continual accumula- 
tion of additional sensory tracts in the cord from its lower to 
its upper extremity. Moreover, it appears certain from the 
experiments of Dr Brown Sequard that the greater part of the 
conducting material of the cord, its white matter, may be 
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divided, and, provided the grey matter is left intact, sensation ' 
in the parts beyond the lesion remains unimpaired. Thus, the 
routes of communication between the brain and nearly the 
whole surface of the body are known to pass through the ex- 
tremely limited area exhibited by a transverse section of the 
grey matter of the cord, and probably more than half of that 
area is occupied with reticulum which has nothing to do with 
nervous conduction, while of the nerve-fibres which traverse 
it, a number are motor, and according to the theory some must 
be devoted entirely to impressions from internal parts, even 
though such impressions are principally pathological Can it 
be believed that the remaining fibres traversing such a section 
in numbers approach what would be necessary in allowing one 
nerve-fibre for the area of distribution of each nerve-fibre on 
the surface of the body ? 

If it be attempted to escape from this difficulty by attri- 
buting with Dr Beale a function of importance to those nume- 
rous striae or fibrillsB which that writer, and after him, Max 
Schultze, have described in nerve-corpuscles and axis-cylinders, 
the importance of a single nerve-fibre as a conductor may be 
indefinitely multiplied, but the assumption is made that those 
fibrillar are really present during Ufe, and that each one is 
capable of maintaining the active or the passive condition 
quite independent of the others with which it is in close alli- 
ance; axi assumption which must appear sufficiently great to 
those who remember how little individuality belongs to the 
much more easily demonstrated fibrillae of muscular fibre. Even 
then, the difficulty remains as much as ever; for, if we suppose 
that those fibrillae are continued down all the poles, and that 
the peripheral nerves possess them, as well as others, we have 
indefinitely multiplied the tracts in the periphery as well as in 
the cord, and left the disproportion in numbers the same as 
ever; while, if we deny fibrillae to the peripheral nerves, and 
suppose them to exist in the fibres of the cord alone, we assume 
that the work which requires a whole fibre in a peripheral 
nerve, can be done by one of a multitude of striae in a fibre of 
the cord, which seems improbable. 

If the difficulties which have been enumerated appear great, 
when the received theory is applied to the explanation of com- 
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mon sensation, they are still more striking when it is applied to 
vision. The theory demands that for every ray of Ught appre- 
ciated by the mind there must be a completely distinct commu- 
nication from an element of Jacob's membrane to a terminus in 
the brain, and that the impressed condition of every such ter- 
minus must be capable of creating in the mind a knowledge of 
the position of the point on which the ray falls as related to all 
the other impressed points of the retina ; and that supposition 
involves all the difficulty which has been pointed out in the 
case of common sensation; while the anatomy of the retina, 
even more distinctly than that of the spinal cord, contradicts 
the possibility of distinct communication between each of the 
immense number of peripheral nerve-terminations and the 
seat of consciousness. Within the retina, the threads leading 
from the elements of Jacob's membrane already enter into a 
complicated ganglion most developed in the part where vision 
is clearest, and it would be very hard to imagine that the fibres 
of the optic nerve emerging from the ganglionic corpuscles cor- 
respond individually with distinct rods or cones. 

These being the objections to the received theory of sensa- 
tion, they appear to me to wan*ant search for an escape from 
them, and I have been led, by the consideration of the proper- 
ties of the living corpuscles of the body, and of what appear to 
me the established facts with regard to the actions of the 
cerebral hemispheres, to a hypothesis which I venture to put 
forward, believing it to furnish that escape, and to be in har- 
mony with all that is known of the nervous system. 

But before doing so I find it necessary to explain and de- 
fend the view which I hold with regard to the connexion be- 
tween mind and brain, and which I have already in a few words 
suggested in a paper on the structure of the cerebral convolu- 
tions in the Quarterly Journal of Microscopical Sdetice (Aprils 
1870). We must inquire into the relations of consciousness 
with the hemispheres, before we ask how it is brought into 
communication with the finger-ends. 

The cerebral hemispheres, which are well ascertained to be 
the organs without which none of at least the higher acts of 
consciousness can be performed, are a pair of highly corrugated 
vesicles, closely connected one with the other, and continuous 
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with the rest of the brain by the lower margins of the inlets 
into the cavities of the vesicles, where are situated the corpora 
striata. The structure throughout the di£Ferent lobes and con- 
volutions of the hemispheres, notwithstanding minor differences, 
is fundamentally the same. This grey matter consists of strata 
of corpuscles and nucleated protoplasm, and the vast majority of 
the corpuscles are connected with fibres ascending from the 
corpora striata and with others which lie horizontally, that is, 
parallel to the suiface, while they send another stronger process 
perpendicularly outwards. The horizontal fibres exist through- 
out the thickness of the grey matter, but are massed particu* 
larly in a varying number of strata, while others of them coat 
the surface in various places. We have thus an arrangement 
fitted to allow consentaneous action of the whole grey matter 
of the hemisphere, but nothing pointing to different functions 
of the different regions. The convolutions are accounted for 
when it is considered that they bring the vascular supply 
within easy reach of every part of the grey matter, and the 
minor differences of structure may reasonably be supposed to 
arise &om the different relations in which the different parts 
of the hemisphere lie to the corpora striata, and from unequal 
development of the nerve-corpuscles ; a supposition in favour of 
which is the circumstance that in the posterior lobes, the parts 
furthest firom the corpora striata, the nerve-corpuscles are 
least developed, and the horizontal fibres are most abundant. 

But not only does the study of structure thus point to the 
probability of the whole hemispheres having one combined func- 
tion, but development, comparative anatomy, and experiment 
point to the propriety of considering the corpora striata as form- 
ing with the hemispheres one organ. The corpora striata are 
enlargements of the basal portions of the hemisphere-vesicles; 
so says development: they are inseparable from the islands 
of Beil; so says adult structure. They may be irritated or 
damaged by vivisection in mammals, without damage to sensa- 
tion or motion, and slicing them away in birds produces effects 
corresponding with those produced by slicing away the hemi- 
spheres in mammals; that is the evidence of experiment; while 
comparative anatomy shews the hemisphere-vesicles forming 
each a unity in fishes, a small distinct corpus striatum within 
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each in the turtle, and in the bird the whole hemisphere-vesicle 
converted into corpus striatum (or, more correctly, corpus 
striatum and island of Reil), with the exception of little more 
than a membrane at the upper part The hemisphere-vesicle, 
therefore, appears to be a single organ primarily divisible, 
as Eeichart has beautifully shewn, into a root-part which in- 
cludes corpus striatum and island of Beil, and the 'mantle' 
which includes the remainder; and I apprehend that the mcmUe 
is only a mvltipUer of the Junction of the root-part. Let me 
revert now to one of the propositions made at starting, and 
remind you that while there is every reason to believe that the 
corpuscles of the hemispheres pass into the impressed condition 
studied in nerves, there is no vestige of evidence that they 
have any additional active condition, and you will, I trust, see 
that the plain explanation of the functions of the hemispheres is 
that they are so connected with the mind that iJie total a/mount 
of mental action at one time is dependent on the total cmumn^ 
in {he hemispheres cf that physical sta/te which we call the 
impressed condition. Consciousness and the impressed condi- 
tion of brain-substance go always together, but that impressed 
condition of the brain-substance is of one invariable nature, 
while the objects which may occupy the consciousness, its acts 
of memory, of observation, of reason, of volition, and its condi- 
tions of emotion or desire are of endless variety. The hemi- 
spheres, including the corpus striatum, may therefore not inap- 
propriately be termed the organ of attention, the mode of 
whose action may be described thus: — the total amount of 
attention at any one moment is in proportion to the total 
amount of the impressed condition of the whole corpuscles of 
the hemispheres; but that attention may be occupied with 
numerous different mental actions going on at the same time; 
and with the specific nature of its occupation, whether memory, 
reason, emotion, appetite or volition, the brain can have nothing 
to do. 

This view stands in direct opposition to the views which 
find favour at present with at least many physicians of mental 
disease. Starting with the proposition that the diseases of the 
mind are the diseases of the brain, which has a certain amount 
of truth in it, they have unconsciously slid from that starting- 
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point into phrenological assumptions and into a belief that brain 
corpuscles are pigeon-holes of ideas ; and thus they predicate 
of matter properties incomprehensible and of which there is 
no evidence. But it is remarkable that neither medicine nor 
surgery^ nor experiments on animals, have shown any difference 
of function in the different parts of the hemispheres. Wounds 
of the brain and limited spots of disease do not vary in their 
symptoms according to the part of the roof of the hemisphere 
attacked. I am not forgetful of the remarkable phenomena of 
aphasia nor the discoveries of Broca, but I have pointed out 
elsewhere* that the connexion between aphasia and lesion of the 
brain external to the island of Beil is best explained, not by re- 
version to the doctrine of the divisibility of the hemispheres 
into different organs, but by taking into account the variety of 
processes required to go on consentaneously to produce speech, 
and considering the interruption to the consentaneous action of 
the hemispheres by interference with the fibres of communica- 
tion at the most central part of the organ. It is not only in the 
case of speech but in all the more complicated operations of 
thought that the mind has to attend to different matters at the 
same time, and it can well be imagined that simultaneous and 
harmonious action of the brain-elements is very necessary to 
secure that end. Thus it will be seen that the doctrine of brain- 
action which I have proposed by no means separates altogether 
the character of the mind from dependence on that of the brain. 
There are three elements on which the character of the brain as 
affecting the mind may be safely presumed to depend, viz. the 
intensity and ease of action possible to individual brain-elements, 
the total amount of those elements, and, as it appears to me, 
most important of all, the freedom and perfection of communi- 
cation of those elements one with another ; and it may well be 
supposed that this last requisite is most liable to be deficient in 
large brains, as the distances are greatest and the elements to 
be joined together most numerous in them. 

In the structure of the brain there is the closest affinity to 
the structure of the rest of the nervous system, and its cor- 
puscles are elements plainly comparable with the living parts or 
protoplasm-derivatives of other textures, and there is ground to 

* Medical Press and Circular, 11 Maroh, 1870. 
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presume that in like manner the impressed condition of nerve- 
corpuscles, whether in the brain or elsewhere, and of nerve- 
fibres, is analogous to the contraction of muscular fibres and of 
amaeboid corpuscles : the peculiarity of those of the hemispheres 
being simply that action of the mind excites their action, and 
that their action excites that of the mind. That presumption 
prepares the way for the hypothesis of sensation which I 
venture to suggest, which is this : that tiis consciousness extends 
from its special seat so far a>s there is continuity of the im^ 
pressed condition; that when an irritation is applied to a nerve- 
extremity in a finger or elsewhere, the impression (or rather 
impressed condition) travels as is generally understood, but 
exists for at least a moment along the whole length of the 
nerve, and that as soon as there is continuity of the impressed 
condition from finger to brain the consciousness is in connexion 
with the nerve and is directly aware of the irritation at the 
nerve-extremity. Or the position may. be shortly stated thus: 
functional continuity between nerve-extremity and brain is 
proved to be necessary for sensation, while on the other hand 
existence of distinct routes of communication between them is 
highly improbable; and seeing that functional continuity is 
sufficient of itself to explain the phenomena, we are not entitled 
to assume the existence of distinct routes, as has hitherto been 
done. 

Let it be distinctly understood that I do not say that 
consciousness resides in the nerve-extremities, but only that 
when the nerves are in the active or impressed condition in 
their whole extent up to the brain, the^ consciousness is affected 
directly by the irritations applied to their extremities. The re- 
lation then of consciousness to the brain remains totally different 
from its relation to the nerve. The impressed condition of the 
cerebral corpuscles produces only acuteness of intelligence : the 
impressed condition of a peripheral nerve or its extremity 
continued up to the brain brings the consciousness into com- 
munication with the irritation applied. 

At the extremities of the different nerves are placed various 
arrangements which are least complicated in the nerves of 
general sense, and which modify their capability of being 
irritated by different stimuli Thus the expansion of the optic 
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nerve is incapable of being affected by the irritation of light, 
but the elements of Jacob's membrane are irritated by them 
with ease. The complicated nerve-extremities of the ear are 
acted on by sounds, and the comparatively simple extremities 
of the nerves of general sense are acted on by mechanical irrita- 
tions and changes of temperature. It appears, then, that if we 
suppose that the consciousness is directly affected by the appli- 
cation of the irritation to the nerve-extremity, we have the 
simplest possible explanation of differences of colour and of 
notes, and of the different kinds of sensation, conveyed by the 
nerves of general sense* We are in a position to say that as the 
irritation varies so varies the sensation, without being obliged to 
assume different kinds or conditions of nerves without evidence. 

The objections may be urged against my theory that irrita- 
tion of the ulnar nerve produces sensation in the finger ends, 
that persons after amputation of an arm feel pain in the 
fingers, and that irritation of one nerve often causes pain in 
another, as when disease of the hip gives pain in the knee, or 
toothache pain in the temple ; but it appears to me that all 
these things are better explained by this theory than by the 
received one. When one strikes the ulnar nerve at the elbow 
accidentally with force every body knows that the acute pain is 
not felt in the fingers, but at the part struck, and that this is 
immediately succeeded by pain and a peculiar sense of vibration 
which travels downwards from the struck part till they reach 
the fingers. A patient who has had a limb removed, in like 
manner, is perfectly aware of the site of irritation when a nerve- 
trunk in the stump is touched, and it seems reasonable to sup-^ 
pose therefore that the sense of the presence of the removed 
part is somehow to be explained by habit. The production of 
pain in the temple from toothache may be explained on the 
supposition that intensity of the impressed condition sufficient 
to produce pain is conducted to a nerve-centre and spread cen- 
trifugally, just as I have suggested that the alteration in 
an ulnar nerve struck at the elbow spreads down to the 
fingers. 

If I have put forward these views of sensation simply as a 
suggestion I should be still more unwilling to be dogmatic in 
applying them to the motor nerves. Yet it may be mentioned 
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that one of the most inscrutable of all phenomena, looked at 
from the received point of view, is the circumstance that the 
will is able to regulate delicately the movements of the limbs 
by adjusting the contractions of complicated muscles of which 
the mind is wholly unconscious; and the difficulty in this 
matter will be greatly simplified if we can see our way to 
believe that, when a motor nerve is set in action from the brain, 
the mind is brought into connexion with its distribution. 
Further, the hypothesis facilitates the explanation of muscular 
sense, and accounts for what has been observed by Di* Brown 
Sequard, that the tracts for muscular sense do not decussate in 
the spinal cord. The phenomena sought to be explained by the 
hypothesis of muscular sense are the consciousness of the posi- 
tion of a part, the capability of regulating its movements even 
when ordinary sensation is paralyzed, and the consciousness of 
the maintenance of muscular effort in such parts. The hypo- 
thesis which I offer in explanation of these phenomena is that 
by continuity of the impressed condition from the brain to the 
distribution of the motor nerves we are conscious of the parts 
to which the distribution extends, and of the exercise of the 
will within them. But, it will be alleged in reply, when we 
move our fingers we feel the movement not in the muscles of 
the forearm, but in the fingers. I think however that this 
(Hfficulty wiU not appear so great when we analyze our sensa- 
tions in endeavouring to make some unaccustomed movement. 
Thus, although in moving our limbs we are not conscious of any 
sbnse of effort which we could localize in the region of the 
muscles brought into action, unless perhaps when unaccustomed 
resistance is met with, it is different when one attempts to 
move the pinna of the ear or bring the palmaiis brevis into 
action. If I attempt either of those actions I am conscious of 
exercising an effort to produce contraction in the neighbourhood 
of the part, on that side of it towards which I wish to move it. 
It seems to me therefore that muscular sense, as I have sought 
to explain it, is sufficient, in conjunction with experience, to 
account even for the movements of the fingers. 

The bearing of the hypothesis now put forward on the func- 
tions of the nerves may be expressed in a few propositions. 

1, The irritation of a nerve of common sensation throws 
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the nerve into the impressed condition, and as soon as that 
condition is continued to the brain, the mind recognises the 
irritation at the site where it is applied, in the form of sense of 
touch, temperature, or pain, according to its character. Over- 
intensity of the impressed condition may also itself be recog- 
nised in the form of pain. 

2. Nerves of special sense differ from those of common 
sensation both in the circumstance that the apparatus at their 
extremities is affected by irritations of a different kind from 
those which affect other nerves, and in their irritation being 
recognised in the form of the special sense to which they are 
devoted. 

3. By the impressed condition continued from the brain to 
the distribution of a motor nerve not only is a stimulus com- 
municated to the muscles and applied by the nerve, but 
muscular sense is given ; and, the consciousness being brought 
into direct communication with the part, the will is enabled to 
regulate the position of the part and the degree of muscular 
energy with which it is maintained. But a motor nerve differs 
from sensory nerves of all sorts in the fact that irritation of it 
does not produce any sensation either of the character of com- 
mon sensation or special sense ; and in this respect it is like the 
proper fibres of thie spinal cord and brain. 

It may be allowable to say in conclusion that in publishing 
these views I put most importance on the objections which I 
have urged against the received doctrine of sensation ; and in 
venturing to suggest another in its place I am perfectly aware 
that there is much which is imperfect in the hypothesis which 
I have put forward, and I can only hope that it may prove of 
some use in building up a more perfect view. 
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CASE m wmcH in man the pericardium was 

UNATTACHED TO THE DIAPHRAGM, WITH A 
PARALLEL ILLUSTRATION FROM THE WAI^ 
EUS. Br Peofessor Toenee. 

It is well kiio\vii that the pericardium is intimately connect- 
ed by its fibrous layer to the upper surface of the central 
tendon of the diaphragm, by which cooDection it is fixed and 
completed below, and that its serous lining covers a portion of 
the thoracic surface of that tendon. 

Jn the month of November, 1869, an adult male subject was 
dissected in my practical anatomy rooms, which presented a 
remarkable departure from the usual arrangement My atten- 
tion was not called to the part until after the chest had been 
opened, the lungs turned on one side and the mediastinal 
pleune removed, so that I cannot state what the disposition of 



a. The diaphnigm. b. The peiioardinm. e. The interior Tenft 
d. d. The phienio aerreB. e. The left TBgna. 

From a drawing of the diBWction by m; pvpil Mt James Fonlis. 
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these portions of the membranes had been. I found that the 
pericardium formed a perfect bag below, that it simply rested 
on the diaphragm, and that there was no continuity of fibres 
between them. Hence the heart and pericardium were to- 
gether freely movable from side to side, and could be drawn 
forwards as far as their connections to the great vessels at 
the base would admit. The diaphragm consequently was not 
in direct relation to the serous lining of the pericardium. 
The pericardium closely embraced the heart, and in its shape 
corresponded to the form of the included organ. 

The inferior cava pierced the diaphragm in the usual posi- 
tion and pursued a course of one inch before it pierced the 
pericardium to end in the right auricle. The heart and great 
vessels were in other respects normal. 

At the time when this subject was in the dissecting room I 
was engaged in the dissection of a calf walrus, about one month 
old. In that animal I observed that the pericardium had an 
arrangement closely similar to that just described in the adult 
male, and as I know of no account of the relations of the 
pericardium in the walrus, I shall briefly describe it. When 
the right pleura was traced from the sternum along the side of 
the pericardium, it in part extended along the root of the lung 
to the surface of that organ, but behind the root it was con- 
tinued along the dorsal surface of the pericardium to its left 
border, where it came in contact with the left pleura, and from 
the dorsal surface of the pericardium the two pleurae were 
reflected together to the oesophagus. Along the plane of reflec- 
tion the two membranes were as completely in contact with 
each other as are the two descending layers of the great omen- 
tum in man, and, like the omentum, they were perforated with 
numerous holes, so that the two pleural chambers communi- 
cated with each other. The hand also could be readily passed 
from the right pleural cavity between the pericardium and 
oesophagus, which structures were not therefore tied together 
by connective tissue. The pleurae were prolonged backwards 
from the sides of the pericardium to the anterior surface of the 
diaphragm, and constituted indeed the bonds of union between 
that bag and the muscle. For the fibrous bag of the pericar- 
dium was not continuous with the central tendon, but formed 

8—2 
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by means of Its own proper fibres a perfectly closed bag at its 
diaphragmatic end, which bag closely embraced the heart and 
corresponded in shape to that organ. As the right pleura 
passed from the pericardium to the diaphragm, it invested the 
inferior vena cava, which vein lay for about four fingers* breadth 
in the cavity of the thorax before it pierced the pericardium. 
A broad fold of the pleura passed from it to the hinder end of 
the pericardium. Owing to the want of any direct connection 
with both the oesophagus and diaphragm the heart and pericar- 
dium could be freely moved from side to side. 

In the perfect condition of the pericardial bag, in the 
absence of any direct connection with the diaphragm, in the 
consequent mobility of the part, and in the presence of a very 
recognizable portion of the inferior cava in the thoracic cavity, 
the walrus possessed a series of structures parallel to those 
found in the male subject first described. In the walrus, in all 
probability, the arrangement is normal, in the man, as we weU 
know, the arrangement is exceptional, so very exceptional 
indeed, that I know of no other case in which a similar disposi- 
tion of parts has been described. 



ON A EUDIMENT OF THE PANNICULUS CARNOSUS 
SUPERFICIAL TO THE TRAPEZIUS. By Pro- 
fessor Turner. 

In the first volume of this Journal, p. 252, I recorded several 
eases which had come under my notice, of rudiments of the 
panniculus camosus occurring in the human subject. 

In the month of May, 1867, a male subject dissected in my 
practical rooms presented an example, which differed in its 
position from those previously recorded, and which is of interest 
on account of its relations and the direction of its fibres. When 
the skin and superficial fascia were removed from the surface 
of the trapezius muscle on the left side, a slender muscle one 
quarter of an inch broad and three and a half inches long was 
exposed. It lay parallel to and about an inch from the spines 
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of the dorsal vertebne. It was attached above by two distmct 
slips to the tendon of the trapezius, where it arose &om the 



a. The left trapezina. b. The radiment of the pannieiiliu. 

spines of the 2nd and 3rd dorsal vertebrse, while by its lower 
end it was connected to the tendinous origin, irom the 5th and 
6th dorsal spines, of the same muscle. The trapezius arose no 
lower than the Sth dorsal spine. 

In my paper in the Ist volume of this Journal, I argued 
that the musculus stemalis was to be regarded as a rudiment 
of the panniculus camosua, situated superficial to the fibres of 
the great pectoral muscle, and not as a thoracic prolongation of 
the rectus abdominis. The little muscle which I have now 
described and figured is, I believe, also a rudiment of the 
panniculus, and &om its position and the direction of its fibres 
I consider it to be, on the dorsal aspect, a muscle parallel in its 
arrangements to the musculus stemalis on the pectoral surface 
of the trunk. 



ON RISSO'S GRAMPUS, 0. rissoanus (Desm/). By Jam^ 
MuRiE, M.D., F.L.S., F.G.S., &c.; formerly Pathologist to 
the Olasg. Boy. Infirmary ; Assist Conservator Roy, Coll, of 
Surg.y Eng.; and late Prosector to the Zoological Soc. Land, 
(Plate V.) 

1. — Remarks on the Species^ its Character, &c. 

In a report* laid before the Parisian Academy of Sciences in 
1812, by Cuvier, Lac^pfede and Geofifroy Saint-Hiliare, on some 
Cetaceans captured on the coasts of France in the beginning of 
that year, mention and a iSgure is given of a remarkable form 
from the Mediterranean. This Baron Cuvier denoted "le 
Dauphin de M. Risso," Delphinus aries ? though believing it, 
from the drawing sent him, to be none other than his D. griseus. 
The original observer. Prof. A. Risso of Nice, subsequently in 
1826' gave the characters more in detail and refigured the ani- 
mal Other systematists admitted the species, though still some 
doubts clung to it. The worthy Laurillard, however, was fortu- 
nate in being present at the capture of a male and female in the 
bay of Saint Jean, near Nice, in 1829 ; and by a sketch made on 
the spot, and a fresh description, established the identity of the 
creature. As Phocama rissonnus, M. Fred. Cuvier, in his 
C^tacA\ supplemented the last-mentioned author's notes by 
some remarks of his own and a new figure. Dr Gray' in 
various publications has recognised the species, and Gervais', I 
believe, first figured the skull. Lately Van Beneden'^ and Ger- 
vais, in their great work on the whale group, have given excel- 
lent illustrations of the skeletal peculiarities of the closely-allied 
and almost identical forms 0, griseus and 0. rissoanus : but the 

^ Lanrillard has been credited with the specific name rUsoanuit but in 
searching authorities I find Desmarest in 1820 {Encycl, p. 519) seems first to 
have Latinized G. Cnvier's D. d. M. Bisso thus. Other writers have used rissoi, 
rUionntu, rUHit Sso, I prefer to retain the earlier name, especially as it is that 
in most frequent use. 

* Avmales du Muteum^ xix. 1, PL 1. 

8 HUt, Nat. de VEurope M€ridi<maU, iii. 28, PI. 1, fig. 2. 

* Be VHistoire NaturelU des CStacSs, Paris, 1836, p. 196, PI. 13, fig. 1. 
^ Zool Erebut and Terror^ p. 32, and Cat, B, M. 1850, &c. 

" Zool. et PaUont, Franc, p. 800, PI. 87, figs. 1 and 2. 
' Ostiographie des Citac^s Vivant et FossiUSf PL 54. 
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letter-press concerning them has not yet been issued. Such is 
all the original matter published concerning the species in 
question, although several writers refer to and even figure it ; 
for which, and an epitome of the salient points, consult Gray's 
most useful Cat of Seals and Whales in the Brit Mus., 1866. 

It is rather curious that G. Cuvier's, Risso's, and Laurillard's 
(pub. by F. Cuvier) representations are widely different from 
one another, though they agree less or more in an essential par- 
ticular, viz. irregular light linear devices slashed throughout the 
body. In fact these scratch-like lines are the exterior specific 
distinctive mark. Notwithstanding evident shortcomings in the 
figure, Risso's own simple description is very graphic: "Son 
corps est along^ arrondi, renfl^ vers sa partie ant^rieure, dimi- 
nuant insensiblement de grosseur vers la queue qui est d^prim^e; 
sa peau est mince, unie, de couleur grise k nuances bleu&tres, 
travers^e par des traits irr^guliers et des raies in^gales, droites 
ou flexueuses, blanchdtres; le ventre est d'un blanc mat; la 
t^te fort grande ; le museau arrondi, releve en arc, obtus, perc^ 
vers la nuque par Touverture des Events ; la bouche est ample, 
arqude; la mstchoire supferieure pourvue d* alveole seulement, 
est plus avanc^e, et couvre Tinf^rieure, qui estgamie de chaque 
c6te de cinq grosses dents coniques," &c. Laurillard states 
from his observations that the male and female differ in ap- 
pearance, the former resembling Risso's description, but the 
latter of a uniform brown. 

In the beginning of this year an adult female whale, readily 
identified with Risso's species by colour and scratch-markings, 
was brought to London, which, after being publicly exhibited for 
a short interval, was purchased by Mr Gerrard for the British 
Museum. Prof Flower obtained Dr Gray's permission to inves- 
tigate this rare form, and brought forward a notice of his 
intention to describe the skeleton in a future communication to 
the Zoological Society. Since then* a second much younger 
female has been captured on our coast, which I had an oppor- 
timity of dissecting. As this disagreed in some ways from the 
other, I have thrown together my notes on its soft anatomy in 
the form of a communication ; purposely avoiding all mention 
of its skeleton, which doubtless Prof. Flower, with his knowledge 
of the group, will skilfully interweave in his memoir. 
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Tables of admeasurements in inches and decimals^ of 

young female examined by vne. 

Extreme length, following the curve of the body 
From the snout to the fork of the tail . 
Vertical depth of the body in front of the dorsal fin 
Distance between the anterior root of the dorsal fin and 

the snout, following the superficial curve . 
Taken in an approximate straight line the same points 

more apart, about .... 
Distance from postero-margin of dorsal fin to fork of tail 
Dorsal fin, length of its base 

in height .... 
its anterior marginal curve . 
its posterior concave border . 
breadth about its middle 
Distance from snout to root of flipper 
Pectoral limb, in extreme free length 

its greatest breadth 
diameter about middle of free portion 
girth at axillary end 
thickness about middle of flipper . 
Caudal fin, in extreme breadth . 
„ width base of each fluke 

„ ditto, about the middle of same 
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790 
750 
15-5 

350 

310 

330 
90 
60 

12-25 
70 
4-5 

170 

120 
3-5 
20 

100 
0-6 

14-25 
5-5 
3-5 



The shape of the body and fins and position of the latter, 
are shown at a glance in PI. V., a faithful recopy of a cai*efril 
drawing to scale made at the time. The colour of the entire 
back, fins and tail is of a neutral tint. The throat and abdomen 
to beyond the anus is white or with a tinge of yellow in it, a 
kind of streaked dirty white. This rises almost to the medio- 
lateral line and intermingled with faint but increasing streaks 
and mottles, and a shade of light brown, or rather purple tinge, 
graduates insensibly into the leaden or bluish grey of the 
upper half of the sides. There is a grey patch on each shoulder. 
The protuberant muzzle is the yellowish white; the caudal 
region behind the anus, dark. In truth with variation of figure, 
white forehead and mandible, it is imcommonly like a light- 
coloured porpoise. The grand feature of interest, however, is the 
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scratched-like lines which in this animal differed completely 
from hitherto figured specimens, or that examined by Mr Flower. 
Instead of innumerable obliquely, intercrossing marks over the 
entire superficies and fins, the narrow white but grey-edged 
lines were seven in number, somewhat vertically placed along 
the sides from the shoulder to about opposite the vent; the 
front and hinder pairs being cross-barred longitudinally. So re- 
markable a feature, undoubtedly irregular in individuals, is not- 
withstanding a most prominent specific landmark. As to sexual 
coloration, I am not inclined to lay stress on Laurillard's state- 
ment of the female being brown as contradistinguished from the 
scale ; in this case the brownish hue was most meagre. There 
is quite as great variety in the porpoise, and, so far as my obser- 
vations extend, the male is occasionally the darkest, but this 
really may be a matter of age. 

As regards the eye, this has the same narrow elliptical form 
common to the cetacea. From the anterior to posterior canthus 
or long diameter is 0*9 inch, and across or vertical depth 0*5 
inch. It is placed ten inches posterior to the snout, two behind 
the angle of the mouth and one-and-a-half above it. The iris 
appeared of a deep purple tint ; but whether this was a post- 
mortem effect or the natural hue, I will not pretend to say, as 
Risso notes it is golden-coloured. 

I may mention that a double row, four *in each, of bristle 
roots* existed on the upper lip. The caudal region is ridged 
above, stopping short of the tail fork, and there is a less notable 
keel beneath. 

2. — Oenerative parts and muscles a/nm/nd. 

The opening of the vulva, four inches long, is situate two 
feet in front of the fork of the tail ; the measurement being 
taken to the posterior angle of the former. The anus lies a 
couple of inches behind. In the simple commissural lips of the 
generative outlet, development of clitoris, and lateral fissures 
of the mammary gland, there is no departure from the cetacean 
type. Neither did I observe any special deviation of the uro- 
genital organs interiorly. 

^ Vide Bousseau, Ann, d, Scien, Nat. Nov. 1830. 
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In my memoir on the " Deductor" I have made some original 
investigations on the muscles of the pelvo-generative parts, 
hitherto little heeded in cetacean dissections. Having figured 
these, I refrain doing so in the Grampus, but make a memoran- 
dum of what I observed. 

The fleshy rectus abdominus terminates in a wedge-shaped 
manner opposite the anterior pudendal angle and clitoris, and is 
continued by a tendon which spreads out in an aponeurosis 
between the vulva and rectum. Here it passes beneath the back- 
ward extension of the great panniculus camosus, which extends 
triangularly along the medio-lateral line to about opposite the 
hinder angle of the uro-genital slit. 

There is a well-developed internal and external sphincter 
ani. A broadish sheet representing a transversus perinaei 
reaches from the post-border of the rectum forwards to the 
vulva. I observed also, what I have incidentally noticed in 
globiceps, beneath the last and midway betwixt the rectum and 
vulva, a layer of transverse or somewhat oblique muscular fibres, 
half au inch in antero-posterior diameter, which passed from the 
median line across the ilio coccygeus. On the left side part of 
its fibres ran on to the inter-pelvic fascia. 

A small but distinctly separate muscle is met with on the 
outer side at the anterior end of the generative outlet, and 
divergently across from the clitoris. Its fibres in a thin layer are 
spread out and encircle the root of the clitoris, and thence nar- 
rowing, proceed out towards the surface of the posterior extremity 
of the rectus abdominus. 

The next in order of position is a longish muscle with a 
thick round fleshy belly. It arises upon the posterior half of 
the pelvic bone, and reaching forwards is inserted in front of the 
vulva. Functionally it is a compressor of the mammary gland, 
which lies between it and the muscle next to be described. 
Homologically, from situation and attachments, it is an erector 
clitoridis or ischio-cavemosus. 

Placed more deeply than the last is a much smaller and 
arciform muscle, also roundish bellied. It is attached to the side 
of the vulva, behind the mammary gland, and rather lower than 
the latter. In passing forwards partially under the here imper- 
fectly developed gland, it proceeds to and is fixed upon the deep 
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pelvic fascia, viz. that which forms a bridge of union between 
the bones of the opposite sides. This muscle is a true con- 
strictor or sphincter vagina ; corresponding to the bulbo-cavem- 
osus of the male. 

Lastly, I may take notice of a very large, elongate, thick, 
fleshy pelvo-caudal muscle; representative of the pubo- and 
iho-coccygeus of tailed quadrupeds. This arises partly by tendon 
and partly by fleshy fibres outside that last described, and from 
the deep or interior surface of the pelvic fascia. It is continued 
straight backwards below the erector clitoridis and alongside the 
rectum. Immediately behind this, having reached the middle 
line it joins its fellow of the opposite side, and the two form a 
tapering fleshy mass above a foot long, inserted into the chevron 
bones, and lying upon the infra-caudal muscles. 

I may add that as in globiceps a series of vessels and nerves 
pass inwards between the pelvic bone and the origin of the ilio- 
coccygeus. The arteries are derivative of the apparent internal 
iliac, pudic branches being very distinguishable passing towards 
the clitoris. The common iliac artery besides, splits into the usual 
Cetacese rete mirabile. Several large glands are situate between 
and at the anterior ends of the pelvic bones. 

In previous whales which I have dissected, I have found 
some muscular variation from what is here stated, but that and 
other surrounding structures it is not my intention now to 
speak of. 

3. — Spiractdar Cavity, its 8ao8 and the Larynx. 

The blow-hole in Bisso's Grampus, as in the common Porpoise, 
is crescentic ; concavity forwards. In shape, therefore, the external 
breathing aperture is unlike that of its supposed ally globiceps, 
where it is more angular in outline. As in other Delphinse, 
where the skull is unsymmetrical, the spout-hole in our speci- 
men was a trifle to the right of the middle line, and opened near, 
but not quite, at the summit of the head. By measurement in a 
straight line it was found to be 7 inches behind the tip of the 
snout, and as much as 12^ inches, following superficially the 
protuberant curve of the upper lip or maxillary arch. 

Communicating with the spiracular cavity, as Von Baer 
terms the upper common narial passage, are several diverticula 
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or membranouB pouches ; the nasal saca of allied forms. There 
are three pairs of these, with the addition of a subsidiaiy 
sacculate canal on the right. Their wall structures are identi- 
cal with the same organs in other cetaceans. I have so fully 
discussed the nature and homology of the nasal sacs in my 
memoir alluded to, that I will not here enlarge upon the sub- 
ject Briefly I may state that I do not regard them as 
altered and displaced turhinal hones. This view. Yon Baer' 
gave forth fiilly above forty years ago, in a paper fall of 
masterly reasoning, and his notion has not since been con- 
tradicted. Indeed Professor Huxley in his Hunterian Lectures * 
favorably inclines to Von Baer's idea. But, as I have shown, 
they do not tally with osseous elements, but are modifications 
of membranous sacs met with in the nares of ruminants, and 
some pachyderms; the two very families used in proof to 

Fig. 1. 



Fig. 1. Diagrammatio reprefientatiou of the uaBal bsob, &a. b. Blowhole : 
the dork orasoeut immediatelj abore 'whit^ the letter ie placed, ap. e. Spiia- 
cnlar cavity, j). Piemaxillai; Bac. tn. Maxillair sao. n/. NaBO-frontal sac 
/. Second or facial diviaioa of eome. tk. Indicates the eknll, the waved 
lined being the coronal anture. 1. 2. 3. The three deep moacnlar slipB oottng 
chiefl; npoQ tite naso-bonlal eao. 
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demonstrate that the cetacean nasal sacs are homologues of the 
turbinate bones. 

The diagram, fig. 1, illustrates the points of interest con- 
nected with the nasal sacs in Risso's Grampus ; and I may note 
that in the terms and lettering I adopt the same used by me 
concerning analagous parts in globiceps. I have above said of 
the former, that its sacs are seven in number, and in communi- 
cation with the spiracular cavity («p.) or common upper nares. 
Of the membranous chambers the premaxillary {p.) (anterior 
central pouch of Sibson* in the Porpoise) is double, long and 
slipper-shaped. The pair of flask-shaped maxillary bags {m.) 
(anterior lateral pouches, Sib.), as the dotted lines show, are but 
of moderate size, indeed relatively small compared with what 
I have met with in fuDy adult Cete. Each naso-frontal canal 
{nf,) (posterior deep sacs. Sib.) lined with dark pigmentum, has 
its orifice towards, and opening into, the lateral or maxillary 
pouch. These so-called naso-frontal cavities are narrow back- 
wardly, and inwardly curved tubes, which mesially termi- 
nate in a somewhat bulbous manner, short of each other; but 
they nevertheless are connected by what appears as a small 
inapervious cord, a central dark puncta being, however, discerni- 
ble in it. Lastly, I observed, only on the right side though, 
a secondary tubular prolongation derived from, or close to, the 
naso-frontal sac. This, for distinction's sake, I denominate the 
facial division (/.) of the naso-frontal sac. In this case it was 
both longer and larger than the latter ; opened by a separate 
orifice into the maxillary pouch close to, or nearly in conjunc- 
tion with, that of the post naso-frontal. But unlike the latter 
it branched forwards, or presented a lateral and crescentiform 
facial position, ending blindly in a recurved dilatation. 

t do not wish to retread the argument used by me, but ere 
passing from the subject, reiterate conviction of the exceeding 
likeness of the cetacean naso-frontal sacs to those at the root of 
the Tapir^s proboscis ; and the likelihood of the maxillary sacs 
corresponding to those within the Saiga's" nose. 

I have expatiated on the homology of the muscles of the 
blow-hole in globiceps, collating them with those of the epi- 

1 Philosoph, Trans, 1848, p. 117. 
« See P. Z. 8. 1870, p. 478, fig. 8. 
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cranial, and naso-facial regions in other mammals. As regards 
the number of layers, their action, &c., I do not coincide with 
previous writers. My intention with respect to those of Risso's 
Grampus, which are in the main similar to its above ally, is 
merely to add some few remarks on what I have already written 
and figured, though still unpublished. 

In Q. rissoanus the superficial fleshy sheet, equivalent to 
an occipito-frontalis, closes the blow-hole by compressing it 
from before backwards. For, while attached to the OQcipito- 
frontal crest behind, it is inserted in front of the sacs conveiging 
into a gristly fibrous centre-point. 

The second layer, which may be the homologue of the leva- 
tor labi superioris alaque nasi, has a similar use ; and its at- 
tachments are the same as in the form compared. 

The third layer, functionally acts like the preceding, but 
compresses more the maxillary sac than influences closure of 
the blow-hole. This may either be a levator superioris proprius, 
a levator anguli oris, or the zygomatici — possibly all combined. 

The fourth layer, or thin radiating muscular sheet, acts muck 
like a depressor ali nasi, inasmuch as it drags downwards and 
outwards the parts in front of the blow-hole. It is there 
fastened by a very broad and thickish aponeurosis, and which, 
moreover, as it passes outwards overlies the anterior surface of 
the sac. 

Some very short and still deeper fibres in globiceps pass 
from the naso-frontal sac backwards to the bone behind. In 
the Grampus, there are three weU defined slips in this situation 
marked 1, 2, 3, in the diagram, fig. 1. The first of these is the 
broadest, and is directed backwards. The second, a much nar- 
rower slip, is attached to the inner end of the naso-frontal sac and 
passes obliquely outwards and backwards. The third goes more 
forwards, partly overlying and in front of the cylindrical sac. 
These three muscles act as compressors and tractors of the sac 
in virtue of the position they hold to it. They, from situation, 
if not absolutely function, are homologous with the diminutive 
bundles which influence the alar cartilages of higher mammals. 

The naso labialis or longitudinal semi-fatty muscle, resting 
upon the upper surface of the premaxilla is very large, and 
posteriorly it unites with the upper radiate layers in front of the 
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blow-hola Use, a protractor and dilator of the blow-hole, as 
likewise compressor of the premaxUlary sac 

Proceeding from the nares to the hyo-laryngeal apparatus — 
I shall merely note of the basihyal bone, that it has not such 
regular crescentic proportions as is the case in Olobiocephalvs; 
but instead is more angular and shaxper tipped. 

In the Bay Society's translation of that valuable monograph 
on the Greenland whale, BaUena mysticetvs, by Professors 
Eschricht and Beinhardt, the following statement is made 
(p. 101): *'We know that the most essential peculiarity of 
the whalebone whales, as compared with that of the toothed 
whales, consists in its allowing the mucous membrane of 
respiratory canals, by means of an opening on its ventral 
surface, to appear in the form of a sac with an exterior covering 
of a strong layer of muscles;" then follow remarks on similar 
laryngeal sacs iu terrestrial mammals. 

Now the above seeming distinction between the whalebone 
and toothed whales, I am prepared to show in the case of 
Bisso's Grampus is one rather of degree than of kind. In short 
the species under consideration has a laryngeal sinus or small 
glandular sac opening into the interior of the larynx. In 
describing this structure I invite attention to the woodcut 
fig. 2, an exact copy of a sketch made on the fresh object. It 
represents the interior of the larynx opened, by the wall being 
cut away a little to the one side of the middle line or towards 
the observer. 

At the lower end of the perpendicular epiglotto-arytenoid 
passage, the longitudinal folds are here and there interrupted by 
shallow glandular pits and depressions. Among these, one on 
the middle of the anterior wall is distinguished from the rest 
by its forming not a mere crypt, but an orifice leading into 
a moderate-sized pouch. In the drawing an asterisk marks 
where a stylet passes through the orifice in question. 

The said sac, sinus or deep laryngeal pouch (01, s.), fills in 
great part the angle of junction between the enlarged epiglottis 
and the thyroid cartilage : but it does not reach to the posterior 
border of the latter. The vacuity or interior hollow of the 
pouch is of very moderate capacity. In fact, as Eschricht and 
Bheinhardt say of the enormous laryngeal sac of the Bight 
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Whale, BcdcEJia, that while from without it eeema very lai^ yet 
the cavity is comparatively very small ; so is it with Grampus, 
where the walls are of considerable thickness. These are com- 
posed of a basis of glandular substance partially bound together 
by fibrous trabecular partitions of smooth mucous membrane, 
leaving many irregular-sized deepish loculi between, 

A sparse padding of fatty substance exteriorly surrounds the 
pouch, and a thick layer of muscle intervenes betwixt the latter 
and the inner wall of the cartilaginous thyroid plate. These 
evidently correspond to those transversely - striped whorled 
muscular fascicles which surround or form the exterior coat of 
the so-called air-bag or laryngeal sac, both in the Right', the 



Fig. 3. The InrTiii in Eeotion. The downward oitoWh denote the posteiioi 
mote open laiyngeal paBsage ; the upward directed bjtowb guide to the narrower 
Ulterior fonneL Ep. Epiglottis. A. Cat part of the leR Mytenoid eartili^. 
T. Section of th]7oid cariilaga C C. Segments of cricoid, tr. Traohea. 
T. gl. Thyroid gland. GL i. Glandular bbc : the etjlet (•) shows the orifice of 
communication with the glottii. V. c. Fold or vocal cord. 

1 Tid. Eschricht and Bheinhardt's Engl. Traua. p. 103. 
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Pike Whale* and the Razorback*. Their situation and general 
disposition in Bisso's Grampus leads me to suspect they are 
Thyro-arytenoidei. In the Whalebone Whale they are vastly 
developed, and follow the disposition of the capacious sac, viz. 
run backwards betwixt the thyroid and the ventral ring of the 
cricoid cartilage. 

The constituent cartilaginous elements of the larynx re- 
semble much those of globiceps. The tabular prolongation of 
the epiglottis {Ep») and the arytenoids (A) rise to nearly a level 
with each other; and their adjoining margins are attached 
quite to the upper flange or lips of their combined orifice. In 
this they differ from Balcenoptera rostrata*, where they are 
comparatively loose, but agree with Olobiocephaliis. 

The body of the thyroid cartilage is a broad flattish plate 
(seen in section,.fig. 2 T), and from which alar expansions spread 
out. These terminate in elongate narrowing inferior comu 
attached by ligamentous union laterally and near the posterior 
border of the cricoid cartilage. The latter cricoid (G) presents 
a ridge and thick arch superiorly, and a narrow backwardly set 
ring (G*) inferiorly, which encircles the commencement of the 
trachea. Here they impinge against, and partly override a 
small thyroid glandular body {T, gl), which reaches backwards 
for a short distance beyond. 

With the naturalists and anatomists of the first quarter of 
this century it was a moot question whether the cetacea pos- 
sessed voice, and in sequence vocal cords. I am not sure indeed 
if the latter point has been unequivocally settled. That some 
species utter sound is now unquestioned, and notably the 
species under consideration and the Ca'ing Whale. As to vocal 
cords, Meckel* strongly opposes Cuvier, and in denial of the 
latter*s statement as well as others, of their being wanting, re- 
plies: "Loin de 1^ Tabsence des partes en question se trouve 
compense^ jusqu'^ certain point, k ce qu'il parait par un autre 
organisation." With his further description and nature of the 
parts my own observations coincide; so instead of quotation, 
I shall refer to fig. 2 of the Grampus's opened larynx. 

1 Carte and Macalister, Philosoph. Tram. 1868, p. 238. 
' Kqox, Cat. Prep, Wlvale, p. 11. 
^ Carte, p. 234, and Knox on Larynx of same species. 
^ Anat, Comp. Vol. x. p. 596. 

VOL. v. 9 
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The tracheal and lower laryngeal mucous membrane folds 
are numerous and longitudinal. Glandular pits are here and 
there distributed, and in abundance, opposite the anterior half 
of the cricoid shield. In the floor of the chamber from about 
opposite the cricoid, a double raised smooth membranous fold 
commences, which runs on and upwards to the root of the 
epiglottis. 

As the folds diverge forwards and merge into the narrow rugae 
of the upright epiglottic funnel, they are mesially pierced by 
the orifice of the laryngeal sac already spoken of: around which 
are glandular crypts. The said parallel folds I take to be the 
representatives of vocal cords {Vc), for reasons I shall presently 
mention. Above them and on either side of the chamber is 
a broad, smooth, and long eminence which extends from about 
the middle of the vocal cords up to near the extremity of the 
arytenoid cartilage. These eminences and folds thus more or 
less divide the interior of the erect part of the laiynx into an 
anterior narrow canal and wider posterior chamiel; the up- 
wardly directed arrows defining the course of the former 
and the downwardly-placed ones the latter. The abnormally 
changed relations of the parts, the vocal cords being longitudinal 
rather than transversely-placed in the Cete, are best studied 
by comparison with the same region in some ruminants. In 
Hyomoschus aquaticvs^y as Flower has shown, "the vocal cords 
are placed nearly vertically in the sides of the larynx, and 
thrown unusually far from its posterior wall, so that when they 
are brought in contact, a cylindrical tubular air-passage remains 
open behind them, but the communication between that passage 
and the thyroid pouch is shut off" I have myself described 
a similar condition of parts in the larynx of Saiga tartarica\ 
figuring moreover a longitudinal membrano-fatty eminence, as 
exists in Risso's Grampus and other whales. 

Taking these facts into consideration, and remembering that 
in the cetacean larynx we have it twisted partially in its long 
axis, that is a horizontal and vertical portion, and it will be the 
more readily admitted that vocal cords are not absent. Further- 
more, from analogy I am inclined to think that during moderate 
inspiration the current is chiefly by the posterior channel, but 

1 P. Z. S. 1867, p. 957. « L. c. fig. 11. b. 
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by both in a full inspiration. On the other hand, when the 
cetacean blows with force or utters sound, the posterior division 
of the chamber is lessened, and exit of air is chiefly through the 
anterior constricted canal. In watching the movements of the 
porpoises formerly possessed by the JZoolpgical Society, and as I 
have witnessed at sea, they occasionally skim the surface ; at 
such times, therefore, gentle inspiration in the manner I have 
indicated might take place. Immediately after they rise from 
submergence, however, the blowing is very decided. It would 
be interesting to note if the voice of cetaceans agrees with such 
ruminants as approach in form of interior larynx. 

The trachea is moderately wide, as are its numerous rings. 
There is a third bronchus to the right lung, as in other toothed 
whales. It was with some degree of interest that I examined 
the lungs to see whether I should discover in them those curious 
glands at their post-ventral apices figured and described by me 
at len^h in globiceps. They exist fully developed, but more 
than one to each apex, the additional and somewhat smaller 
bodies lying deeper or behind the others. In shape the lungs 
themselves comport to those of the Pilot Whale, tha,t is free 
from incisions and lobes, excepting the tendency to an antero- 
inferior lobulus. The superficial sinuous vessels ^re well marked; 
and the membranous bridge connecting the diaphragm itnd 
post-ventral lung-tips of moderate breadth. 

4i.—The Alimentary Tract, dtc. 

The mouth from the front to its angle is seven inches long. 
The eaved margin of the maxillary arch overlaps slightly the 
mandibular one when the mouth is closed. Tliere is a rudi- 
mentary roughened callous premaxillary palatal pad. The 
tongue is smooth-surfaced ; its tip distinctly notched, and it is 
firee for 2J inches from its frsenal attachment. 

No teeth were visible in this specimen ; but in both upper 
and lower jaw a well-marked dental groove obtained. Laurillard 
has remarked* of the species: " Ces animauxsont sujets kperdre 
leur dents, et surtout celles de la m^choire sup^rieure; aussi 
n'en connait-on pas le norabre normal, leur forme est semblable 

1 Fred. Cuvier's C4taces, p. 199. 

9—2 
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k celle des dents de dauphin." Eisso says^ the mandible is 
furnished with five great conical teeth on each side. As this 
subject is best treated with the osteology, I rettun to a con- 
sideration of the viscera. 

The compound stomach of Kisso's Grampus corresponds very 
closely with that of the Pilot Whale, such as I have figured in 
my memoir of the latter animal. Professor Turner's* woodcut, 
depicting as an anatomical preparation the stomachs of a much 
younger specimen of the same animal, shows that the relations 
of the compartments to each other varies from youth to age. 
That this is the case not only in these aquatic forms, but also 
obtains in the ruminantia, his researches " and the observations 
of Dr Gedge* on the sheep seem to prove. 

Comparing -the O. rissoanus with the specimen of globiceps 
dissected by myself, I noted in it that the first gastric cavity, as 
contrasted with the others, was smaller than in the latter ceta- 
cean form. This might be as much owing to the animals not 
having quite arrived at the adult stage as to generic distinction. 
The second and particularly the third cavity (Turner's 2nd and 
4th) were much more elongate or ovoid in Ora/mpus than in 
Olohiocephalus ; the peculiar globular inflation of these cavities 
in the latter genus being very characteristic. The narrow 
tunnelled passage betwixt the walls of the second and third 
gastric cavities (which Turner reckons the third stomach), and 
connecting these two, has its upper orifice in the Grampus close 
to that leading from the first to the second cavity. 

The long cylindrical fourth cavity and dilated conmience- 
ment of the duodenum are aHke in both forms. This remark 
applies to the lining of mucous membrane in the whole of the 
cavities. I may farther state, as is a very common occurrence 
in Cete captured on our coast, there was no food throughout 
the alimentary canal; mucus, with a yellowish bilious tinge, per- 
vading the upper portion of the gut. 

A small compound spleen resembling in shape that of glo- 
biceps, lies, as in it, on the right or concave surface of the large 
first stomach. 

The intestines measured 47 feet 2 inches ; thus being seven 

* Op. eiU p. 24. » Camb, Joum, ofAnat, 1868, p. 73, fig. 2. 

3 im, 1869, p. 117. * Ibid. 1868, p. 323, PL VH. figs. 1—4. 
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times longer than the entire body : in the globiceps examined 
by me the proportion was as 9 to 1. Both genera present con- 
siderable similitude in the distribution of the intestinal glands, 
the folds of the mucous membrane, and absence of a caecum. 

A century ago Hunter recognized the considerable uniformity 
and simplicity of the cetacean liver, and Bisso's Grampus offers 
no exception. In shape, absence of lobulations, smoothness of 
surface, and no gall-bladder, it agrees quite with the Porpoise 
and globiceps. Moreover, as in the latter, the bile-duct ex- 
pands and forms^ a reservoir within the wall of the duodenum, 
previous to penetrating the mucous coat of the gut. 

The heart offers nothing worthy of remark : there was no 
accessory orifice and valve in the septal segment of the tricuspid 
valve, as noticed by me in the Ca'ing Whale. The great vessels 
spring from the aortic arch as follows : at the summit a short 
distance apart are a right and left innominata. From the right 
and behind the deep intercostal is derived. Above this the in- 
nominate trifurcates, viz. into a subclavian and double carotid : 
the same obtains on the left side. The left deep intercostal, 
however, springs from the left side of the aortic arch at a con- 
sidemble distance away, and not from the innominata, as on the 
right side. This arrangement is not unlike what Professor Turner ^ 
has figured in the Pilot Whale. 

In being elongate, loosely acinate, and the vessels entering 
at the upper end but ventral surface, the kidneys follow Olobw' 
cephcUtis, 

5. — Fleshy and otiker coverings of the body generally. 

The animal being in fair condition, there was as usual a wide- 
spread adipose layer overlying the panniculus camosus. This 
latter muscle was extensive and of moderate thickness. The 
facial prominence consisted of material similar to the larger boss 
of globiceps, but correspondingly less oleaginous in the centre. 

Those post-inferior lumbo-caudal masses which by some 
have been erroneously taken as magnified representations of 
the iliacus and psoas are large and powerful in Orampus. As 
elsewhere shown, their true homology is with the comparatively 

^ Loc, ciU p. 67, fig. 1. 
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diminutive sacro-coccygeus and infra-caudal muscles of quadru- 
peds. The dorsal spinal layers offer no departure from other 
Cete. I may mention, however, trace of a trapezius or rhom- 
boideus capitis, viz. a very thin layer continued on to the 
occipital crest. The more fleshy rhomboideus proprius passes 
spinally over the splenius ; in some whales a strong aponeurotic 
fascia alone overlies the latter muscle. 

There is a very decided teres major present. A stemo-sca- 
pular muscle obtains. This covers the first rib and part of the 
intercostal space behind ; its fleshy belly is more than an inch 
broad, and the insertion is on the deep surface of the coracoid 
process. The coraco-brachialis is strong though short. 

A few fibres or slender slip representative of a triceps were 
discernible between the post-humeral border and the infra-gle- 
noidal foot. Nothing which could be construed into remnants 
of flexors or extensors of the lower fcwre-limb were observed 
by me. 

The serratus magnus has digitations upon the first four 
costsB. The external oblique continues forwards to the first 
rib ; but the muscular belly of the rectus abdominis stops at 
the second rib, and by aponeurosis only proceeds to the an- 
terior rib and sternum. The minuti® of the fleshy parts of 
the tongue and hyoidean region I did not enter into, but as 
they passed through my hands I was convinced of their great 
resemblance to those of globiceps. 

The general results of myological examination of Cetacea 
lead to the inference that as a whole there is little variation, 
excepting it may be in minor details. It is asserted, however, 
that the pike-whale^ has long flexors and extensors of the fore- 
aim and manus, an observation requiring confirmation as to its 
constancy in Bakenoptera or limitation to the genus. 

6. — Generic affinities as elucidated by the exterior and soft 

structures. 

In the present phase of Cetology the skeleton has become 
so much the all-important basis of classification that hints de- 
rivable from exterior peculiarities and internal organization are 

^ Phil. Tram, 1868, p. 228, figs. 2 and 3, PI. V. 
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in a manner overshadowed. Doubtless there is some justifi- 
cation for this in the case of the Cetacea, where a certain 
sameness of form, a slight gradation of colour, and considerable 
similarity of interior construction run through the family : be- 
sides, essentially accurate delineations of specimens are not over- 
abundant. But is it wisdom to lose sight of the exterior and 
anatomy, though to skeletal distinctions much of the impetus of 
modem zoology is due ? Let us see in how far externals and 
internals other than bones tell in the present instance. 

G. Cuvier, Eisso, and Desmarest\ have ranged our spe- 
cies under the genus Belphinus. Fred. Cuvier", with a leaning 
as above, placed it notwithstanding under his wide group of 
porpoises and dolphins, Phoccena. Lesson and Hamilton' refer 
it to Globiocephalus, to which generic division I apprehend 
Bheinhardt^ in a passing remark of his, opines, as apparently 
does Flower* in his preliminary note. 

Gray®, though at one time regarding it as mayhap his G. smne^ 
vcd, has since generically put it under Grampus, and most 
reasonably says of Lesson's choice, "but the position of the 
dorsal and the form of the pectoral as well as the description of 
the teeth make me believe it rather belongs to this genus 
(Grampus)." Van Beneden and Gervais^ follow Gray, but 
Gervais himself in his earlier memoirs' classed it as a Delphinus. 

My own first impression on seeing the body was the idea of 
a magnified porpoise, with a dash of the deductor and dol- 
phin. I then compared it with photographs and most carefully 
executed coloured drawings of the porpoise and globiceps in my 
possession. 

In analysis of the features, the colour aside from specific 
scratch-markings, decidedly is akin to Phoccena, By lightening 
the shade of the latter, giving it a paler forehead and darkening 
the subcaudal region, the general effect would agree. Again, 
this grampus shows leanings to the dolphins, where abdominal 
whiteness, irregular slashing of same, and iridescent hues are 

^ Encycl. Mam. p. 519. ' HUt. Nat. des Citacis, p. 208. 

8 In Jardine'8 Nat. Lib. * Whales', p. 219, PI. XVIII. 

^ * On Pseudorca crassidens,' Bay Soc. Transl. 1866, foot-note, p. 216. 

5 P. Z. S., 1870, p. 128. 

« Erebus and Terror, also Cat. B. M. 1850 and 1866. 

7 Oit€ographie des Cetacis. ^ Zool. et Paleont. &c» 
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far from uncommon. The orcas come between tBem and glo- 
biceps, inclining to deepening of tint; in the latter a sooty 
black. 

The shape and position of the fins are relevant to generic 
conception, inasmuch as in Delphinua the dorsal is falcate and 
placed about the (fentre of the body. P^udorca^ and Orca nearly 
agree, and are intermediate between it and OrampiLs; where, also 
high, it is slightly behind tibe middle. In OlobiocepJudus it is 
lower, broader, and a trifle in front of the middle point. PAo- 
ccenay while having it if anything behind the middle, has it 
relatively much broader and wanting the deep scooping of the 
posterior border. 

As is well known, Ohbiocephalm has a long, narrow, acute 
pectoral fin, the extreme of the short, relatively broad one of 
Phoccma. Delphintis, as far as I can judge from the accounts 
of others, would take an intermediate place, but nearer to the 
latter. Regarding the general " cut," as Rheinhardt deftly ex- 
presses it, PseudorccHs resembles the Ca'ing whale, but its breadth 
is greater in proportion to its length. In these respects Ghrara" 
pus rissoanua rather agrees than differs from Pseudorca. Orca 
has a broader fore-limb than either. The D, griaeus, Cuv. 
{Oromtpus cuvieri of Gray), though doubtless the nearest ally to 
Risso's species, has oddly enough by D'Orbigny's computation 
an extraordinary long pectoral, which G. Cuvier's words in part 
contradict, as certainly does his figure. In fact the words 
"moins qu*au globiceps"" point to similarity with 0, rissoanu8\ 

Cuvier recognised globiceps by its enlarged, protuberant 
blunt muzzle. In the grampus this is much less truncate and 
nodose, in our specimen comparable to the outline of a parrot's 
beak. In the killers and the porpoise it becomes very sensibly 
diminished and backwardly inclined, and in the dolphins runs 
into an elongate flattened beak, particularly in such forms as 
Tursio and Lagenorhynchus. 

There is but a single premaxillary nasal sac in Fhoccena; in 
Grampus rissoanus as in Ghhiocephalus it is double. 

^ Consult Prof. Eheinhardt's very appropriate Bemarks on P. CrasHdens, Bay 
Soc. p. 217. His stricture on Gray's generic character of fin, howeyer, I do not 
agree with. 

' See Bheinhardt's criticism on this veiy subject, l,c. p. 216 and 217, foot-note. 

' Which PI. 54 as referred to in the Ost^ographie well brings out. 
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The patterns of the larynx and hyoidean apparatus come 
nearest in the two latter. Each of them has those peculiar 
enlarged glands at the ventral diaphragmatic ends of the lungs; 
and these are certainly wanting in Phocama and Delphinus 
{Belphis?), specimens of which were compared along with OhhiO' 
cephcUiLs by Jackson^, who distinctly mentions their presence in 
the latter. 

,The number of compartments of the stomach and their rela- 
tion to one another is typical of both the two last-mentioned 
genera ; and is liker them than the one preceding. The same 
family connection is shown in the kidneys, where the blood- 
vessels enter at the fore and inner or atlanto-mesial end. 

The teeth, few and early deciduous, are an important feature; 
but as our specimen was edentulous or at least non-erupted, I 
leave out their consideration as a point to base judgment on. 

To sum up, as far as my examination extends, the specimen 
in question has its nearest alliance with and indeed would 
appear to be a species of the genus Grampus as defined by Gray ; 
which group, however, while clear to me, it may be remarked is 
far from being isolated or rigidly circumscribed. On the one 
hand it has many solid points of connection with Psendorca and 
Orca; other characters draw it towards Ohhiocephalus, It has 
again more than mere resemblances to the genera of true 
dolphins and to the porpoise, though possibly further removed 
from them than the killers. 

When Professors Van Beneden, Gervais and Flower have 
worked out its entire osteology, the data will enable a sound 
comprehension of its aflSnities to be formed; provisionally there- 
fore I offer the subjoined scheme of relationships. 



PhooiBna ^^Psendorca 

Torsio 



Orampns ^ \Spheroceplialus 

I 



DelphinuB^ Orca GlobiocephalaB 

Lagenorhynchns 



P. S. In quoting Professor Turner's paper for 1869, I did 
so in my MS. from a knowledge of its contents, not having the 
Journal by me at the time; but in correcting the proof neces- 

* Boit, Joum. Nat. Hist VoL v. p. 137. 
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sarily made it a point to certify the statement and number of 
page. In doing this my eye caught a reference of his to 
.''Note sur un Cetac^ Grampus griseus" par. M. P. Fisher, in 
Ann. des Sden, Nat. 5th Ser. 1867, p. 363. I therefore read 
this, and I confess with much interest. Fisher's description of 
the animal examined by him leads me to believe it was identi- 
cal with that dissected by myself, inasmuch as colouring, streaks 
or scratch-marks, and form of head and body are concerned. 
His remarks on the stomach as well as Turner's confirm what 
I have above said of certain genera individually examined by 
me. Fisher tersely compares the skeleton and dentition of his 
supposed Cuvier's with Risso's species, and speaks of their 
geographical range and migrations. He sums up with four 
conclusions and a corollary. Without giving his own words 
I may curtly express his ideas as follows: 1. G. rissoanus 
appears in the Mediterranean about the same period of the 
year that G, griseus is found on the French Atlantic coast. 
2. Their dentition is nearly alike the latter with 2 to 4 
mandibular teeth on each side, the former 5 to 6. 3. Their 
bones are identical. 4. Difference of colour accounted for by 
its being variable, and shape by post-mortem effect. Hence he 
is of opinion the two species ought to be re-united, as Baron 
Cuvier was inclined to regard them. 

It appears to me that M. Fisher from his stand-point has 
not overdrawn legitimate inferences, provided that it was 
G. griseus and not G, rissoanus he examined. As to variation 
of colour in what has been designated under the latter title, 
what I have mentioned proves, and Van Beneden and Gervais' 
plate shews great likeness in osteological features; so that I 
am prepared to find, when the latter has been carefully com- 
pared in the young and old, that they may after all be but one 
specific form, though Dr Gray lays stress on the black colour of 
his Q. cuvieri = D. griseus Guv. 



ON THE SPECIFIC HEAT OF BLOOD. By Arthub 
Gamgee, M.D., F.II.S.E., Lecturer on Physiology at 
Surgeo7i'8 Hall, Edinburgh, and Physician to the Royal 
Edinburgh Hospital for Sick Children. 

(Extract from a Report presented to the Physiological Sub-Section 
of the British Association. Liverpool, 1870.) 

Before commencing independent experimental researches with 
a view to determine the heat of arterialization, it appeared to 
me to be essential to undertake a set of experiments with the 
object of determining with accuracy the specific heat of blood ; 
and it is to a notice of these that I at present confine myself, 
reserving the account of experiments, now in progress, on the 
further question of the heat of arterialization to a future occa- 
sion. 

I believe I am quite accurate in saying, that the specific 
heat of blood has been determined by Dr John Davy alone, his 
experiments being recorded in his Observations Anatomical and 
Physiological, in a chapter entitled, " On the Capacities of 
venous and ai-terialized Blood for heat." In his experiments he 
made use of defibrinated blood, and employed for the determi- 
nation of specific heats the methods of mixture and cooling. 
According to Davy, the specific heat of lambs' and sheeps* 
blood varied from 0812 to 0*934 (water being I'OO). 

The great discrepancy of these results made it most de- 
sirable that the experiments should be repeated in the most 
careful manner. 

I employed invariably the method of mixture : 

A flask furnished with a tubulature near its base was fixed 
in the centre of a water-bath, and from the flask a tube also 
surrounded by water opened externally by a stop-cock. This 
flask was filled with mercury. 

The blood to be experimented upon was placed in a light 
and highly polished iron vessel weighing 92*15 grammes, which 
was surrounded by cotton-wool and placed in a glass beaker. 
The temperature of the blood and mercury was ascertained 
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before and after mixture by means of a standard thermome- 
ter made by Fastr^ of Paris, belonging to the Museum of 
Natural Philosophy of the University of Edinburgh, divided 
into fifths of a degree centigrade, and capable of being read 
to one-fiftieth of a degree. 

In my experiments warm mercury was added to blood at a 
lower temperature. The specific heat was determined by the 
usual formula: 

c = coeflScient of the specific heat of blood. 
M = weight of blood. 
T = its temperature. 
m = weight of mercury. 
t = its temperature. 

c' = coefficient of specific heat of mercury, i. e. 0*033. 
= temperature of mixture of blood and mercury. 
fi = specific heat of iron vesseL 
p_ mjt- 0) c' 
^-(Jf+A.)(e-T)- 

The results of my experiments are exhibited in a tabular 
form below : 



No. of 
experi- 
ments. 


Blood. 


M. 


T. 


m. 


t. 


/*. 


e. 


e. 

sp, 
heat. 




1 


Ox. 


76-15 


12«-00 


grammes 
1756-7 


360-4 


10-48 


21-8 


1-00 


2 


do. 


249*95 


180-45 


1778-9 


390-8 


10-48 


220-15 


1-07 


3 


do. 


224*35 


160-30 


1671-05 


410-2 


10-48 


200-8 


0-99 


4 


do. 


224 05 


220-0 

• 


1980-5 


460-8 


10-48 


270-15 


1-06* 


5 


do. 


283-60 


230-0 


2303-2 


470-0 


10-48 


270-80 


1-03 


6 


do. 


211-65 


150-5 


14390-2 


490-1 


10-48 


210-70 


0-97 


♦ This 


blood 1] 


lad a spec 


ific grayit 


y 1058 at 


55-7 Fah. 


Solids ] 


}er 1000, ! 


213-10. 
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As a check to the accuracy of the method and apparatus 
employed in the above experiments, I determined the specific 
heat of mercury by means of it, substituting water for the 
blood used in my previous experiments. Only two experiments 
were performed. 

1. Jf = 252-55 grms. of Hfi. 

T = 10^-5. , ^ (itf+/i) {B^T)c 

m = 1413-8 grms. of Eg. ^ mif-d) 

< = 49'-0a =00322. 



fi = 10'48 (7 = 1 c' = coeflScient of sp. heat of mercury. 

2. 2f= 286-75. 5 = 15M5a 

T = 12°-3. fM = 10'-48. c' = 0-0315. 

m = 1226-6. 
^ = 37-0(7. 

The above determinations were all made with the perfectly 
fresh blood of the ox. They may, I think, be taken as repre- 
senting very accurately the specific heat coeflScient of the blood. 
They shew that the specific heat of blood is not, as Davy sup- 
posed, considerably below that of water, but almost exactly the 
same, the mean of all my results giving the coefficient of the 
specific heat of ox-blood as 1-02. 

A knowledge of this was essential to the further progress of 
the research on the heat developed during the arterialization of 
the blood, with which I am at present engaged. 



RESEARCHES ON THE CONSTITUTION AND PHY- 
SIOLOGICAL RELATIONS OF CYSTINE (CgH^NO^). 
By James Dewar, F.R.S.E., Lecturer on Chemistry, 
Veterinary College, Edinburgh; and Arthur Gamgee, 
M.D., F.R.S.E,, Lecturer on Physiology at Burgeon's Hall, 
Edinburgh, 

Amongst the rarest and least understood of the proximate 
principles of the animal body, must undoubtedly be placed 
the substance which forms the subject of the present paper. 

Cystine is a body which is best known as a constituent of 
urinary calculi, and of the urine, and which has been stated to 
exist in the substance of the kidneys. When present in the 
urine, cystine generally deposits after some time in th« form of 
individual hexagonal plates; sometimes these are grouped 
together in large masses and exhibit a great tendency to adhere 
to the sides and bottom of the vessel in which the urine is 
contained. These crystals are readily soluble in solution of 
ammonia, which may be used as a convenient re-agent for 
separating and purifying the substance. 

Although occurring in the urine, there can be no doubt that 
its presence is very rare, and when it does occur it is in the 
urine of persons who are the subjects of the so-called cystine 
diathesis, i,e. in whose urine it has a great tendency to make its 
appearance. 

Sometimes the individuals who are the subjects of the so- 
called cystic diathesis are apparently less robust than they 
should be, whilst in other cases nothing is observed to indicate 
any disturbance in the functions of the body, until urinary 
symptoms point to the existence of a calculus. 

The sweat undoubtedly contains cystine in some cases. One 
of us had the opportunity of detecting cystine in the perspira- 
tion of a man under the care of Professor Maclagan in the 
clinical wards of the Royal Infirmary, and we are in a position 
to state positively that in cases where cystine is present in the 
urine, silver coins carried in the pockets of the patients have 
been observed rapidly to become blackened. 
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Since the time when Wollaston {Philosophical Transactions, 
1810) discovered cystine, we have been made acquainted with 
its elementary composition, with its physical properties, and 
with its deportment when treated with several re-agents, still 
we have not as yet been placed in possession either of clinical 
observations or of chemical facts which serve to connect cystine 
with any particular chemical operation going on in the living 
body. From the ultimate analyses which have been made by 
Liebig and others, the foi-mulae CgHgNOgS and CgH^NOjS have 
been ascribed to it by different authors. On comparing the 
results of standard analyses we are, however, convinced that the 
former and older is the correct formula, and it is the one which 
is supported by the experiments which we have made. 

Although it may at first sight appear that the research upon 
which we are engaged is only of interest from a purely chemical 
point of view, a more careful consideration will shew that a 
knowledge of the chemical constitution is the first essential to 
our forming any hypothesis as to the relations of cystine to the 
animal processes, and that indeed our experiments already 
point to the probable seats of the formation of cystine. We 
shall allude to the subject in our concluding remarks. 

The cystine used in our experiments was obtained from two 
portions of calculi, one of which was furnished to us by Professor 
Maclagan, the other by the Royal College of Surgeons of Edin- 
burgh. The cystine was separated by treating the pounded 
calculi with strong liquor ammoniae, which dissolved the greater 
part, and allowing the solution to evaporate at a very gentle 
heat. The cystine which separated was then again dissolved in 
ammonia and recrystallised. 

Preparation of Hydrochhrate of Cystine. 

One gramme of cystine was dissolved in boiling hydrochloric 
acid; on cooling beautiful needle-shaped crystals separated, 
which were very soluble in water. When thoroughly dried in 
vacuo over quicklime the crystals were found not to be readily 
soluble in water. 0*05 grm. of crystalline hydrochlorate of cys- 
tine yielded 0*0452 grm. of AgCl, corresponding to 22*2 per 
cent. ofHCl (Calcd. 22-5). 
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Action of Nitrate of Silver on Cystine* 

Cystine was dissolved in strong solution of ammonia^ and 
to the solution was added a solution of silver nitrate in am- 
monia. No precipitate occurred, nor did the solution darken 
in the cold. When slightly acidified with nitric acid, a canary- 
yellow precipitate was thrown down, which was collected and 
dried in vacuo. The filtrate blackened when heated, and on 
filtering off the black precipitate a clear colourless solution was 
obtained, which was not further blackened when boiled with 
ammoniacal solution of oxide of silver. 

On analysis the substance precipitated proved to be a com- 
pound of cystine with nitrate of silver. 

In a subsequent experiment an ammoniacal solution of 
cystine was boiled with an ammoniacal solution of nitrate of 
silver. A black precipitate fell which consisted of sulphide of 
silver. The filtrate from the precipitate of sulphide of silver 
was subsequently treated with solution of chloride of ammonium 
to separate the excess of silver. The solution was found not to 
be precipitated by hydrochloric acid and chloride of barium, 
nor by sulphate of calcium. It is therefore evident that when 
an ammoniacal solution of cystine is heated with ammoniacal 
solution of oxide of silver, the sulphur is separated entirely as 
sulphide of silver, none being oxidised; it is also obvious that 
no oxalic acid is formed. 

Action of Caustic Soda and Caustic Baryta on Cystine. 

Cystine, when treated with pure solution of pure NaHO, and 
evaporated in a silver basin, gives a reddish fluid; sulphide of 
sodium is then produced, blackening the basin, and ammonia is 
copiously evolved. On treating the residue with water, neither 
sulphuric nor oxalic acids can be detected. The liquid contains, 
however, a large quantity of sulphide of sodium with a mere 
trace of sulphite. 

Cystine, when heated to 150' C. with solution of caustic 
baryta in sealed tubes, gave off ammonia, a large quantity of 
sulphide of barium, a smaller quantity of sulphite of barium, 
and a trace of hyposulphite being formed. No trace of sulpho- 
cyanide could be detected. 
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Action of Alcoholic Solution of Potash on Cystine. 

Cystine was heated for several hours in a sealed tube at 
130° C. with an alcoholic solution of potash. At the conclusion 
of the experiment a small quantity of dark sticky matter was 
found adhering to the tube, which contained a yellowish fluid. 
The latter smelt strongly of ammonia, which was separated by 
distillation. The residue was acidified with dilute sulphuric 
acid, and shaken up with ether. Ether left a yellow non-crys- 
talline substance, possessed of an indefinite but disagreeable 
odour. This substance had a strong acid reaction, and was 
found to contain no sulphur. 

Action of Nascent Hydrogen on Cystine, 

When cystine is added to a mixture of tin or zinc and dilute 
hydrochloric acid, large quantities of sulphuretted hydrogen are 
given off; the evolution of gas gradually slackens, till even after 
the action has gone on for several days, traces of sulphuretted 
hydrogen continue to be given off. When treated in the same 
manner taurine does not evolve H,S. 

It is to be noted that this evolution of H^S, when cystine is 
treated with tin or zinc and hydrochloric acid, might be used as 
a test for the substance, care being previously taken to separate 
any sulphide which might exist. 

Action of Nitrous Acid on Cystine. 

Some of the most important facts with regard to the chemi- 
cal reactions of cystine have been recorded by Dr Bence Jones, 
who for the first time showed that nitrous acid decomposes it 
with the evolution of nitrogen, and that in this operation the 
sulphur which it contained is oxidised to sulphuric acid, whilst 
a non-crystalline substance is left which is precipitable by 
nitrate of silver, mercuric chloride, as well as by acetate of 
lead. 

In our experiments we sometimes acted upon solution of 
pure hydrochlorate of cystine by means of nitrite of silver; in 
other experiments we treated pure cystine with a stream of 
nitrous acid gas. 

VOL. V. 10 
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Cystine was placed in water and a stream of nitrous acid 
gas passed through it. No action took place until the water 
was heated; it then commenced and proceeded briskly, with 
abundant effervescence, until the whole of the substance was 
dissolved. 

The clear solution contained a large quantity of sulphuric 
acid, but not a trace of oxalic acid. When boiled with an 
ammoniacal solution of nitrate of silver, considerable reduction 
took place, a beautiful mirror of silver being deposited on the 
glass. The fluid was again subjected to the action of nitrous 
acid; still no oxalic acid could be found, and tfie reduction of an 
ammoniacal solution of oxide of silver continued. A portion of 
the fluid was treated with carbonate of barium and heated; 
the clear filtrate had an alkaline reaction, and was abundantly 
precipitated by nitrate of silver and acetate of lead. The re- 
mainder of the fluid, after the treatment with BaCO^ was 
treated with solution of nitrate of silver. An abundant canary- 
yellow precipitate was formed. This was suspended in water 
and decomposed with H,S; the filtrate was evaporated to dry- 
ness, and presented the appearance of a sticky solid. It was 
soluble in water. The aqueous solution was evaporated and 
treated with absolute ether, which dissolved the greater part. 
The ethereal solution left on evaporation an acid fluid. This 
was dissolved in water, neutralised with ammonia, and precipi- 
tated with solution of nitrate of silver. The yellow precipitate 
obtained was amoi'phous ; it was dried in vcuyuo. Two specimens 
of the silver salt prepared at different times were analysed by 
us. The following are the results of two analyses : — 

Silver ... 569 57*5 

Carbon . . . 19-43 21-32 

Hydrogen . . 5*29 4*64 

In considering the discrepancies of these analyses, it must be 
borne in mind that we were operating on excessively small 
quantities of a substance prepared at different times by compli- 
cated processes. 

Remarks. 

Cramer believed that cystine was intimately related to the 
body called serin, CgHyNO^ which is obtained as one of the 
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products of the action of alkalies on silk. Serin, when treated 
with nitrous acid, yields glyceric acid, as alanine under the 
same circumstances yields lactic acid, and therefore serin may 
be looked upon as amido-glyceric acid. 

Cramer further believed that cystine was a sulpho-amido- 
glyceric acid, i.e. serin in which hydroxyl has been replaced 
byHS. 

This supposed relation is exhibited below : — 



CH.OH 


OH.NH, 


CH^^H, 


CHOH 


CHOH 


CHSH 


CO^ 


CO,H 


CO,H 


Glyceric Acid. 


Amido-glycerio Acid 


Cystine. 



Considering that this relation of cystine to serin really exists, 
some have argued that on treatment with nitrous acid, cystine 
should yield glyceric acid. We do not, however, admit that 
this would really be the case. If we examine the case of 
sulpho-lactic acid, an analogous body to the supposed sulphur 
derivative of serin, we find that, on oxidation, it gives sulpho- 
propionic acid, and therefore we should in the case of cystine 
expect that a sulpho-acid would be formed on treatment with 
nitrous acid, were it built up as Cramer supposed. We have 
uniformly observed, during the course of our experiments, that, 
however carefully we attempted to regulate the action of nitrous 
acid on cystine, or of a nitrite on a salt of cystine, the sulphur 
separated as sulphuric acid, thus pointing to a material differ- 
ence in its reactions from what we should have expected from 
its supposed constitution. 

In a paper brought before the Koyal Society of Edinburgh 
(May, 1870) we stated that although we could not consider 
our experiments to be definitive, we were in a position to 
state that glyceric acid was certainly not a product of the 
action of nitrous acid on cystine, and we ventured to predict 
that cystine would be found to be related to pyruvic acid, and 
to be an amido-sulpho-pyruvic acid. 

We based our supposition on the near approach of the 
analyses of the silver salt of the acid obtained by the action of 
nitrous acid on cystine to the composition of pyruvate of silver, 

10—2 
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and to the general characters of the oily acid produced. Since 
then we have compared the reactions of pyruvic acid prepared 
by us with those of the acid obtained from cystine, and we have 
no doubt of their identity. 

Pyruvic acid was discovered by Berzelius as one of the pro- 
ducts of the dry distillation of racemic and tartaric acids, and 
has been called pyroracemic acid. To prepare it, tartaric acid 
is distilled at a temperature gradually rising to 300" C, and 
the oily acid distillate thus obtained is repeatedly fractionated. 
The portion distilling between 160^ C. and 170*0. is found to 
have the composition CgH^Og. 

Pyruvic acid is a liquid of a yellowish colour smelling of 
acetic acid, slightly viscid, boiling at 165° C, always with some 
decomposition. It is soluble in water, alcohol and ether. 

This acid differs from lactic acid in containing a molecule less 
of hydrogen, and has been shewn by Wislecenus and Debris to 
be easily transformed into lactic acid by hydrogening agents, 
such as nascent hydrogen and hydriodic acid. It also unites 
directly with a molecule of bromine. 

The following are the molecular formulse of ordinary lactic 
acid, and pyruvic acid: to the right is exhibited a probable 
molecular formula of cystine: 



Lactic. 


Pyruvic. 


Cystine. 


CH. 


CH, 


CM. (H^ 


CHOH 


CO 


cs 


CO^ 


CO,H 


CO,H 



It is obvious that the above molecular formula of cystine 
exhibits only one of at least four possible isomers. 

One of the peculiarities of pyruvic acid is the ease with 
which it is transformed by heat into a non-volatile syrupy acid 
which is undoubtedly a polymeric modification. This new acid 
is also produced when pyruvic acid is separated from its salts; 
salts are not crystallizable, and they are of a peculiar yellow 
colour, 

A greal deal more might be said touching the theoretical 
relations of pyruvic acid to acetone and its derivatives; but 
this would be quite out of place here. 

The relation which we believe we have shewn to exist 
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between cystine and pyruvic acid, and consequently between 
cystine and lactic acid, is not without interest to the physiologist. 
The juice of muscle has long been known to be rich in an 
isomer of lactic acid, viz. sarco-lactic or paralactic acid, and 
we now know that this acid is one of the products which are 
formed in muscle during muscular work. The living and in- 
active muscle has an alkaline reaction, but when it is made to 
contract it gradually becomes acid, and evolves carbonic acid; 
the sarco-lactic and carbonic acids being developed by the 
splitting up of a substance whose presence in muscle is appa- 
rently essential to the production of mechanical work. When 
a muscle passes into the condition of rigor mortis the same 
changes occur, and we know that at the same time heat is 
evolved. 

Sarco-lactic acid is, as we have said, merely an isomer of 
ordinaiy lactic acid, and readily passes into it. We cannot but 
think that in all probability cystine is a product of the splitting 
up of an albuminous constituent of muscle — that it represents 
an imperfect oxidation in muscle, by which a portion of the 
sulphur residue of an albuminous body leaves the muscular 
fibre in an unoxidized condition. 



NOTES OF SOME EXPERIMENTS ON THE RATE OF 
FLOW OF BLOOD AND SOME OTHER LIQUIDS 
THROUGH TUBES OF NARROW DIAMETER. By 
J. Matthews Duncan, M.D., F.R.S.E. and Arthur 
Gamgee, M.D., F.R.S.E/ 

The experiments, of which the results are recorded in the 
present communication, were undertaken in order to determine 
the rate at which blood flows through tubes of moderately small 
diameter, with a view to the study of the mechanical theory of 
dysmenorrhea; they were afterwards extended to blood-clot 
serum, milk, and urine, &c. 

In a memoir inserted in the ninth volume of the M^moirea 
des savants Mrangers, M. Poiseuille stated the results of an 
investigation on the flow of water and other fluids through 
capillary tubes, showing how this is influenced by pressure, 
by the length and diameter of the tube, and by temperature. 
A committee of the French Academy, of which M. Regnault 
was the reporter, corroborated the results of M. Poiseuille's 
researches'. Subsequently this observer published a still more 
extended series of observations, including the determination 
of the rate of flow of serum and defibrinated blood'. 

The method employed by Poiseuille in his researches, and 
which is described at length in his Memoir, consisted essentially 
in causing air under a known pressure to force a known quan- 
tity of the fluid to be experimented upon through tubes of known 
diameter and length, and determining the time employed. 

The following are the general results at which he arrived 
concerning the influence of the length and diameter of tubes of 
smaller diameter than a millimetre on the rate of flow of any 
liquid at a constant pressure and temperature: — 

1st. The volumes of liquid flowing in equal times through 
capillary tubes of equal length, but of difierent diameters, are 
amongst themselves as the fourth powers of the diameters. 

1 Communicated to the Royal Society of Edinburgh, May, 1870. 

' Recherches exp^rimentales sur le mouvement des liquides dans les tubes 
de tids-petits diam^tres. Commissaires MM. Arago, Babinet, Fiobert, Begnault 
rapporteur. Acad^mie des Sciences, stance du 26th D^cembre 1842. 

* Becherches exp6rimentales sur le mouvement des liquides de natures dif- 
fdrentes dans les tubes de trds petits diamdtres par M. le Dr Poiseuille. Annales 
de Chimie et de Fhysiqae. Troisi^me s^rie, t. xxi. 1847. 
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2nd. The volumes of liquids which flow in equal times 
through capillary tubes of the same diameter, but of diflferent 
lengths, vary inversely as the length of the tubes. 

With regard to the- influence of pressure, it was found that 
the rate of flow increased directly as the pressure; and with 
regard to the temperature, that, aa a general rule, the rate of 
flow of solutions increases as the temperature rises. 

With regard to the influence of various substances held in 
solution by a fluid, on the rate of flow no general law was 
arrived at, connecting it either with chemical constitution, 
density, capillarity, or viscosity \ 

The following are some of the results, extracted from 
M. Poiseuille's Memoir : 

Tube employed (B) is 64 millimetres long; its diameter 

is0""-249; capacity of receiver, 6 C. C; pressure, 1 metre; 

temperature, 14"5 C. 

Time of flow. 

8, 

1. Distilled water . . . . 536'2 

2. Ether ..... 169-0 

3. Alcohol ..... 1184-5 

4. Serum of ox's blood . . . 1029*0 

M. Poiseuille made a single determination of the rate of 
flow of blood-serum ; of blood-serum plus a small and unknown 
quantity of corpuscles, and of defibrinated blood, the same 
animal's blood (an ox's) having been used to furnish the three 
liquids. The following are the results : 

Temperature and pressure stated to have been kept constant 
during all the experiments; length of tube, 110 millimetres; 
diameter, 0°™*256 ; capacity of receiver, between 5 and 6 cc. 

Time of flow. 
m, 8* 

Serum 20-33 

Serum containing a small and unknown quan- 
tity of blood-corpuscles • . 21*17 
Defibrinated blood . . . 68-47 

^ We may merely allude to the fact that M. Graham succeeded in showing 
a decided connection between the rate of flow of the diflerent hydrates of sul- 
phuric acid and their chemical constitution. His very interesting results are to 
be found in a paper ^* On liquid transpiration in relation to chemical composi- 
tion." {Philosophical Transactions^ 1861, p. 373.) 



152 . DB DUNCAN AND DR GAMGEE. 

Poiseuille points out that the aggregation of blood-cor- 
puscles, which always takes place in defibrinated blood, leads to 
a choking of the tubes employed, especially when these are of 
narrow diameter (0°*"1), or to an irregular flow, and that con- 
sequently defibrinated blood cannot readily be injected through 
the capillaries of the lungs of animals which have been bled to 
death. The recent experiments of Dr J. J. MiillerS carried on 
under the direction, and according to the method, of Professor 
Ludwig, in the Physiological Institute of Leipzig, are opjwsed 
to the statement of Poiseuille, for he succeeded in keeping up 
for long periods a flow of defibrinated blood through the lungs. 

Method employed in the present research. 

All our experiments were conducted according to a method 
suggested by, and under the direction of, Professor Tait, in the 
Physical Laboratory of the University of Edinburgh. The 
liquids to be experimented upon were allowed to flow through 
tubes of known diameter and length, into a large air-pump 
receiver exhausted to a partial and known extent, the fluid 
being thus subjected to the pressure of the atmosphere, minus 
that of the air in the receiver." 

Before enumerating our experiments, it may be well to 
point out certain fundamental differences which exist between 
them and those of M. Poiseuille. 1st, our tubes had a much 
wider diameter — those used by the French observer varied in 
diameter from 0°^1949-0°^'256, whilst our tubes were from 
0°»™-845-l"»°'-259; 2dly, by our tubes being much longer than 
those of Poiseuille ; and, 3dly, by the liquids being allowed to 
flow, not into water, but into empty vessels placed in the par- 
tially exhausted receiver. 

L — Influence of the Shape of the Tubes employed on the 

Rate of Flow,' 

It was considered advisable to determine, in the first place, 
whether bends in the lubes through which the liquids were 
made to flow would exert any influence on the rate. Accord- 
ingly, a tube 1129 millemetres long was bent twice at right 

1 *• Ueber die Athmung in der Lunge von Dr J. J. Miiller." Arbeiten ans 
der Physiolog. Anst. zu Leipzig Mitgetheilt doroh G. Ludwig. Leipzig, 1870, 
pp. 37—76. 



RATE OF FLOW OF BLOOD AND SOME OTHER LIQUIDS. 153 



angles ; one end was connected by means of a tightly fitting 
cork with the exhausted receiver, and the other was at a given 
instant immersed in water. The rate of flow having been 
determined, the tube was bent four times at right angles, and 
the experiment repeated ; then it was not only bent four times 
at right angles in one plane, but bent at one point at an angle 
of about 135° to its former plane. 

The results of these various experiments are exhibited in 
Table L 

Table I. 



No. of 
Experi- 
ments. 


Fluid used. 


Diame- 
ter of 
Tube. 


Length 
TiS)e. 


TemjMr- 
ature. 


Pres- 
sure. 


Time of 
Flow of 
100 Cubic 
Cents, in 
Seconds. 




1-6 

6-8 
8-9 


Water . . 

Common Sul- 
phuric Aoid 

Water . . 


mm. 
0-845 

n 


mm. 
1129-8 

»» 


130-0 C 
130-6 
130-6 


mm. . 
708-59 

. ft 
688-6 


126-4 

2978-0 

168-0 


Tube 
at I 
thus 


bent twice 
ight angles, 






10-11 


Water . . 


0-846 


1129-8 


130-6 


688-5 


169-0 


Tube 
time 
gles 
plan 


bent 
s at rig] 
in the 
e, thus, 


four 
itan- 
same 


11-12 


Water . . 


0-845 


1129-8 


110-5 


588-5 


157-4 


Tube bent four 
times at right an- 
gles ; at one point 
bent at an angle 
of about 1350 to 
its former plane. 


13-14 
16-17 


Water . . 
Water . . 


0-845 
0-846 


1129-8 
1129-8 


110-4 
330-0 C 


688-5 
588-6 


161 
108 


Tube again bent 
as in experiments 
10 and 11. 



It results from these experiments that the bends in the 
tubes had no perceptible influence in modifying the flow — the 
quantity of fluid flowing in the same time being directly as the 
pressure, and very much influenced by rises of temperature. 
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II. — Rate of Flow of Defibrinated Blood of Sheep. 

Having determined that the shape of the tubes exerted no 
influence on the flow of fluids through them, we proceeded to 
examine the comparative rate of flow of the defibrinated blood 
of the sheep. The results are recorded in Table II. 

The tube used in this experiment was 9089 millimetres 

long, and was twice bent at right angles. The diameter was 

1*214 millimetres. 

Table II. 



No. of 
Experi- 
ments. 


Fluid used. 


Diameter 
of Tube. 


Length 
of Tube. 


Temper»- 
toie. 


Fressue. 


Time of 
Flow of 

100 Cubic 
Cents. 

in Seconds. 


18-21 

22-25 

20-28 
29-31 
S2-35 


Water . 

Defibrinated sheep's 
blood . 

1 »» 
•1 
II 


mm. 
1-2U 

1 •■ 

II 

II 
II 


mm. 
908-9 

II 

II 
II 
II 


10»-6 
16»-7 

II 

II 
81«-0 


mm. 
583-5 

683-5 

II 
II 
II 


67-6 

► 227-6 
143-4 



Table III. 
Comparative Rate of Flow of Water, Defibrinated Ox-Bloody 
Serum of Blood {obtained from same sample of Blood), and 
Defihrinated Sheep* s Blood. 















Time 


No. of 
Experi- 
ments. 


Fluid nsed. 


Diameter 
of Tube. 


Length 
of Tube. 


Tempera- 
ture. 


Pressure. 


occupied 
b7 Flow of 

100 Cubic 

Cents, 
in Seconds. 


86 


Water . 


mm. 
1-214 


mm. 
908-9 


120-0 C 


mm. 
598-7 


68-16 


87 1 


Serum of ox-blood 


II 


II 


130-1 


II 


97-10 


88 


II 


II 


II 


II 


II 


98-14 


88 


II 


II 


II 


160-0 


II 


94-50 


40 


Defibrinated ox- 
blood . . ( 


II 


II 


II 


II 


865-7 


41 « 


Defibrinated 
sheep's blood 


II 


tt 


180-0 


II 


260-2 



^ Solids in 1000 parts of serum . 

Water 

* Solids in 1000 parts of the blood 

Water . . . « . 



90-41 
909-59 
212-21 
787-79 
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III. On the Rate of Flow of Pure (i.e. uncoagulated) Blood at 
the Temperature of the Body through Narrow Tubes. 

Exp, 43. — ^In this experiment a calf, about a week old, was 
made use of. The jugular vein on the left side having been 
exposed, an opening was made into it as low in the neck as 
possible, and a flexible catheter was passed into the right side 
of the heart ; the venous blood used was thus obtained. 

Thereafter the carotid artery was exposed on the same side, 
and a ligature having been applied on the distal side of the ex- 
posed portion, a tube was introduced into the cardiac end. 
From this tube was obtained the arterial blood used in the 
experiment. 

The temperature of the calf before the experiment was, 38*'8 C. 
After the experiment 38°'7 C. 

The blood was received directly into graduated tubes heated 
to 38°-8 C. 

Two narrow tubes were used in these experiments. Their 
length was 56 inches. The first (Tube C) had a diameter of 
1-259 of a millimetre. The second (Tube A) had a diameter 
of 0-9289 of a millimetre. 

Table IV. 



No. of 
Experi- 
ments. 


Fluid used. 


Diameter 
of Tube. 


Length 
of Tube. 


Tempera- 
ture. 


Pressure. 


Time of 
Flow of 

100 Cubic 
Cents. 

in Seconds. 


43 

44 
45,46 

46,47 

48,49 


Water . 

Water . 

VenonR blood of calf 

Venous blood of ] 
calf, defibrinated - 
and arterial 

Arterial blood of calf 


TubeC. 
mm. 

1-259 
If 

M 

n 


mm. 
914- 

It 

ft 

99 


150-0 
390-5 
380-8 

fi 
fi 


mm. 
601-7 

It 
589-0 

«f 

II 


4210 
39-43 
54-9 

53-11 

60-07 


50 
51-63 


Water . 

Arterial blood of calf 


Tube A. 
0-9289 


914- 


380-5 
f» 


601-7 
II 


69-4 
160-1 
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From this experiment it would appear that the rate of flow 
of blood just drawn from the vessels of a living animal is very 
much greater than the rate of flow of blood which, having been 
defibrinated, has been allowed to stand for some time, as was 
the case in experiment 40. In defibrinated blood the corpuscles 
tend undoubtedly to run together, and the masses thus formed 
by their coherence must necessarily account for the extreme 
slowness. The pure and perfectly warm blood flowed, indeed, 
more rapidly than did the serum obtained from ox-blood, which 
had been used in a previous experiment. In experiments 36, 
37, 38, and 39, it was found that the time of flow of equal 
quantities of serum and water were represented by the ratio of 
1*4 : 1. In experiments 43 — 49, it was found, on the other 
hand, that the rate of flow of equal quantities of pure blood and 
water were represented by the ratio of 1*3 : 1. 

In a former part of this paper we stated that the diameters 
of the tubes used by us differed from those of Poiseuille in being 
much wider. 

- As was previously stated, the French author found that in 
capillary tubes of different diameter, the quantity of fluid flow- 
ing in equal times through equal lengths, varies not as the 
squares, but as the fourth power of the diameters. In the tubes 
used by us, in the experiment above described, the diameter 
was such that the quantities of water flowing through equal 
lengths were, cceteris paribus, as the squares of the diameters. 
It is interesting to observe in connection with experiments 
43 — 53 inclusive, that whilst the amount of water flowing 
varied very much as the squares of the diameters, the quantity 
of blood flowing through the two tubes did not obey this law ; 
the blood being retarded in its flow more than water, though by 
no means to such an extent as to show that, for it, the tubes 
obeyed Poiseuille's law. 

IV. On the Pressure required to force Blood- Clot through Tubes 

of Narrow Diameter. 

The clot used was obtained by allowing ox's blood to coagu- 
late, and separating it from serum. 

JScp. 54. — In this experiment a tube having a diameter of 
1*162 millimetre was used. Although subjected to the whole 
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atmospheric pressure (700 mm.) none of the clot would pass 
through the tube. 

Exp. 55 and 56. — In this experiment the same clot was 
used, but a different tube. The clot was found freely to flow 
through the tube, which had a diameter of 2 00 millimetres. 

In experiment 55 the pressure of a column of mercury 24 
inches high was employed. In experiment 56 that of a column 
29 inches high was required. 

V. On the Rate of Flow of Milk and Urine through Narrow 

Tubes, 

The results of these experiments are shown in the annexed 
table. It will be observed that two tubes were employed in 
the determination of the rate of flow of milk, whilst the tWo sets 
of experiments with urine were performed with one tube. The 
rate of flow of urine is shown to be almost identical with that 
of water, whilst the rate of flow of milk is about the same as 
that of water when a large tube is used, but much slower when 
a tube of narrow diameter is employed. 

Tube A. 



Floidtised. 


Diiuneter 
of Tube. 


Length 
of Tube. 


Tempera- 
ture. 


Pressure. 


Time of Flow 

of 100 Cubic Cents. 

in Seconds. 


Water . 

Urine, Sp. Gr. 1018 
Urine, Sp. Gr. 1007 
CoVsMilk . 


mm. 
•928 

II 

II 
II 


mm. 
914 

II 
II 
II 


170-0 
170-5 

II 
240-6 


mm. 
601-97 

II 
II 
694-3 


69-2 
71-3 
70-3 
90-3 



Tube C. 



Fluid used. 


Diameter 
of Tube. 


Length 
of Tube. 


Tempera- 
ture. 


Pressure. 


Bate of Flow 

of 100 Cubic Cents. 

in Seconds. 


Water . 
Oow*s milk . 
Goat*8 milk . 


mm. 
1-259 

II 
II 


mm. 
914 

II 

II 


150 

27° 
220 


mm. 
601-97 

II 
II 


42-1 
38-1 
36-09 



ON THE RELATION WHICH EXISTS BETWEEN THE 
IRON CONTAINED IN THE BILE, AND THE 
COLOURING MATTER OF BLOOD'. By P. A. 
Young, M.D. (Edin.). 

The idea that the adult liver might act as a blood-destroy- 
ing organ, has occurred to diflFerent physiologists, but has never 
been proved in a manner sufficient to warrant its being re- 
ceived as a recognised fact. 

Of late years the chemistry of blood-colouring matter has 
been* investigated with great care, and the quantity of iron 
entering into its composition determined with extreme ac- 
curacy. 

On incinerating bile-solids the ash presents a reddish tinge, 
indicating the presence of iron, an appearance existing in the 
ash of no other animal fluid except blood. 

The consideration of these facts has led to the present 
research. 

In order to ascertain with certainty the relation between 
the colouring matter of blood and bile, it was considered neces- 
sary to make a careful analysis of the latter and to determine 
the exact quantity of iron present. 

The mode of analysis was as follows. Human bile and 
that of the ox and of the dog were employed. A certain quan- 
tity of bile having been carefully weighed out was evaporated 
to dryness in a water-bath, then incinerated in a crucible to get 
the ash. The incombustible matter was dissolved in strong 
hydrochloric acid with the aid of heat, and then water was 
added. The fluid was now transferred to a small flask through 
the cork of which there passed a glass tube about nine 
inches long, bent in the middle to an angle of about 60*. 
A small piece of pure zinc was dropped into the fluid, and heat 
applied with the object of reducing the iron. • 

^ This paper consists of extracts from a ^esis presented in 1870 to the 
Medical Faculty of the University of Edinborghr 
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When the zinc was dissolved, which was shown by effer- 
vescence having ceased, the end of the tube leading from the 
flask was plunged into cold water, which rushed over into the 
flask and thus prevented the entrance of air during cooling. 
The contents of the flask were poured into a beaker contain- 
ing water. The quantity of water used was the same in all the 
experiments. The iron was now estimated by the ordinary 
volumetric method, by means of a very weak standard solution 
of permanganate of potash. Sulphate of iron and ammonia 
was used to determine the strength of the solution, of which 1 
cubic centimetre corresponded to 00062 gramme of pure iron. 

My first analyses were made with ox-bile. This was ob- 
tained from the gall-bladders of animals that had just been 
slaughtered, and was quite fresh. 

Analysis L 14*820 grammes of ox-bile were taken and 
evaporated to dryness in a water-bath. The solid residue 
weighed 11 12 grms. This residue was incinerated, and all 
organic matter burnt off. The ash weighed '167 grms. This 
was dissolved in hydrochloric acid and triturated. It was found 
to contain 000093 grms. of Fe, being the quantity of iron in 
14*8205 grms. of bile; or, in 100 grms. of the same bile there 
would be '006207 grms. of pure iron according to the propor- 
tion 14-8205 grms. : 100 grms. :: '00093 grms. : x. 

Analysis II. 33771 grms. of ox-bile were taken and 
evaporated to dryness, and incinerated in the same way as in 
the last experiment. The quantity of iron present was 001736 
grms., so that in 100 grms. of the same bile there would be 
'005140 grms. of iron. 

Analysis III. 39*738 grms. of ox-bile were evaporated to 
dryness, the residue weighed 3*139 grms. The ash left after 
incineration weighed *361 grms. The bile contained *00124 
grms. of iron; or, in 100 grms. of the same bile there would be 
•00312 grms. of iron. 

Analysis IV. 26*353 grms. of ox-bile were used. The 
ash weighed *224 grms. It contained *000806 grms. of iron ; 
or, in 100 grms. there would be '00306 grms. 
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Table I. 
Table showing the result of four analyses of ox-bile. 



Quantity of 

bile used. 

grim. 


SoUds. 
grms. 


Ash. 
grms. 


Iron, 
gnus. 


Iron in 100 grms. 


14-820 
33-771 
39-738 
26-353 


1112 

3-139 
It 


•167 

•361 
•224 


•000938 
•001736 
•00124 
•000806 


•00620 
•00614 
•00312 
•00306 



It will be seen from the last column that the quantity of 
iron varies in the different specimens examined. Such varia- 
tions must necessarily 'occur in all animal fluids, as many cir- 
cumstances modify their composition. The mean of the last 
column of the table gives us '004381 grms., which represents 
the quantity of iron in 100 grms. of ox-bile, according to four 
analyses. 

On account of the difficulty of procuring dog's bile, I have 
been able to make only one analysis. As this is interesting I 
will give the result. 11*53605 grms. of bile from a dog just 
killed were evaporated to dryness, and found to contain 2*983 
grms. of solid matter. On incineration the ash weighed '267 
grms. It contained 0016 grms. of Fe.* 

My next analyses were those of human bile, which I 
obtained through the courtesy of Dr Pettigrew from the gall- 
bladders of bodies examined in the Pathological Theatre of the 
Royal Infirmary. 

Analysis L 84*713 grms. of human bile were evaporated to 
dryness and then incinerated, the ash weighed *442 grms. and 
contained 0*001705 grms. of Fe. In 100 grms. of the same 
bile there would be *00491 grms. of pure iron. 

Analysis II. In this case the bile was obtained from a man 
who had died after being operated on for strangulated hernia. 

^ Dr Gamgee informs me, that when incinerating dog's bile during his re- 
searches for the mercurial committee, both Dr Butherford and he invariably 
noticed the decidedly red tinge of the ash, indicating the presence of iron in 
large quantity. This observation is confirmed by the present analysis. 
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All the organs were found on post-mortem examination to be 
quite healthy. 28*366 grms. were employed, and the quantity 
of iron was found to be '00155 grms.; or, in 100 grms. of bile 
•00546 grms. of iron. 

Analysis III. 23*049 grms. of human bile were evaporated 
and incinerated and found to contain 0*00255 grms. of Fe ; or, 
in 100 grms. of bile there would be '0102 grms. of iron. 

Analysis IV. 39*232 grms. of human bile contained "00155 
grms. of iron ; or, in 100 grms. of bile '00395 grms. of pure 
ii'on. 

Analysis V. Woman from whose gall-bladder the bile was 
taken died of cerebral apoplexy. 35*982 grms. of bile were 
taken, and contained '00155 grms.; or, in 100 grms. of bile 
•004308 grms. of iron. 

Analysis VI. This bile was obtained from the gall-bladder 
of a man who died of delirium tremens. 36*460 grms. of bile 
were found to contain *00252 grms. of iron ; or, in 100 grms. 
of the same bile there would be 0115 grms. of pure iron. 



Table IL 
Table showing the result of six analyses of human bile. 



No. 


Qoaotityofbile. 
grms. 


Iron, 
grms. 


Iron in 100 grms. 


1 
2 
3 
4 
5 
6 


84-713 
28-366 
23-049 
39-323 
35-982 
36-460 


.001705 
' -00155 
•002356 
•001550 
•001550 
•00252 


•0049 
•0054 
•0102 
•0039 
•0043 
•0115 



If we take the average of these six analyses we find that 
the quantity of iron in 100 grammes of bile amounts to '0065 
grms. The bile employed in the second experiment was 
obtained from a man whose organs were quite healthy, and the 
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quantity of iron found in it is only one centigramme in excess 
of the average of the six experiments. 

It will be seen from the above tables that the quantity of 
iron present in human bile is greater than in that of the ox, 
but less than in that of the dog. This is accounted for by the 
fact that dog's bile contains more solids, and ox-bile less, than 
that of the human subject. 

The question now suggests itself, whence does the iron found 
in the bile proceed? The resemblance between the colouring 
matter of bile and a product of the alteration of blood-colouring 
matter was pointed out by Virchow in 1848, and physiological 
chemists have long speculated as to the exact relation which 
exists between biliiTibin and haematin, a relation which is 
most probable both from the ultimate composition of these 
bodies, no less than from the fact that any substance which 
when introduced into the blood leads to the solution of blood- 
corpuscles, and therefore to the setting free of hsBmoglobin {e.g. 
salts of the bile-acids), causes the appearance of bilirubin in 
the urine. 

The demonstration that bile does contain very consider- 
able quantities of iron appears remarkably to strengthen the 
view that the bile contains constituents derived from the blood- 
corpuscles, seeing that we can scarcely suppose that the iron 
is derived from any other substance than haemoglobin, the only 
iron-containing proximate principle of the body as yet known 
to us. 

Knowing as we now do that the quantity of iron in haemo- 
globin is quite constant, viz. 0*42 per cent., we may calculate 
the amount of blood-colouring matter represented by the iron 
found in the bile, assuming that the latter is entirely derived 
from the former. Let a represent the quantity of iron in 100 
parts of bile, and x the amount of blood-colouring matter 
represented by this quantity of iron, then 

_ 100 X g 
^■" 0-42 • 

Thus in the first experiment we found 100 grammes of ox- 
bile tc contain 0*0062 grammes of pure iron, which corresponds, 
on the previously mentioned hypothesis, to 1*46 grammes of 
haemoglobin. 
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Table III. 

Shows the quantity of pure blood-colouring matter repre-^ 
sented by the iron in 100 parts of bile. 



No. of the 
Experi- 
ment. 


Qnantitf of Iron in 
100 gnus, of Bile. 


Qoantity of Hasmo- 

globin corresponding 

to the Iron. 


1 
2 
3 
4 


0-0062 
0-0061 
0-0031 
0-0030 


1-46 
1-20 
0-74 
0-73 



By taking the average of these four calculations it will be 
found that the quantity of pure blood-colouring matter (hsemo- 
globin) represented by the iron in 100 grammes of ox-bile is 
1'032 grammes. 

In the analysis of dog^s bile I found that 100 grammes of 
bile contained 0*016 grms. of Fe, which corresponds to 3*81 grms. 
of haemoglobin. The experiments of the Edinburgh Mercurial 
Committee of the British Association show that the average 
secretion of bile in the dog amounts to 111*17 grammes. 
Assuming the bile which was analyzed by me to be of average 
composition, it would follow that the average amount -of iron 
daily excreted by the dog would correspond to the iron con- 
tained in rather more than four grammes of haemoglobin. 

In the following table is shown the quantity of blood- 
colouring matter represented by the iron in human bile. 





Table IV. 


No. of the 
Experi- 
ment. 


Qaantity of Iron in 
100 grms. of Bile. 


Hflsmoglobin oorre- 
spondinff to the quan- 
tity of Fe found. 


1 


0*0049 


1-17 


2 


00064 


1-80 


3 


00102 


2*43 


4 


0-0039 


0-94 


5 


0-0043 


1-02 


6 


0-0116 


2-73 



11—2 



164 DR YOUNG. lEON IN BILE, &C. 

The average of these results gives 1'598 gnns. as the 
quantity of pure blood-colouring matter represented by the 
average amount of iron found in my six analyses of human 
bile. 

Carrying out further the assumption that the iron of the 
bile is entirely derived from, haemoglobin, let us try and ascer- 
tain in an approximate manner to what quantity of fresh blood- 
corpuscles this amount of iron would correspond. 

I shall assume that 100 grammes of arterial blood contain 
12*35 grammes of haemoglobin, and that the same blood con- 
tains 51*304 grms. of moist blood-corpuscles (C. Schmidt); in 
other words, that the ratio of haemoglobin to the blood-cor- 
puscles is as 12*35 : 61*304. 

Then the iron found in 100 grammes of ox-bile would re- 
present 4*28 grms. of moistblood-corpuscles. Similarly, 100 
grammes of the dog's bile examined by me contained iron which 
would correspond to 15*82 grammes of moist blood-corpuscles, 
and 100 grammes of human bile contained iron equivalent to 
6*63 grammes of moist red blood-corpuscles. 

From the observations related in this paper, taken in connec- 
tion with other facts previously ascertained, the following con- 
clusions may, I think, be legitimately arrived at. 

I. That bile is a secretion rich in iron, and although the 
amount varies in different specimens, the variation is not greater 
than that of other characteristic constituents of that fluid. 

II. That in all probability the iron in bile is derived from 
haemoglobin, the only iron-containing proximate principle of 
the animal body. 

III. That the presence of iron in the bile renders it most 
probable that the * destruction of red blood-corpuscles takes 
place in the adult liver. 

The above investigation was carried out under the direc- 
tion, and in the laboratory of, Dr Arthur Gamgee, at Surgeons' 
Hall, Edinburgh. 



NOTE ON DR YOUNG'S PAPER By Arthur Gamgeb, 
M.D., F.R.S.E., Lecturer on Physiology^ Surgeons' HaU, 
Edinburgh, 

It may appeax to some that the hypothesis made by Dr Young, 
that the iron contained in the bile is derived from haemoglobin, 
is unwarranted. Its agreement with other facts which are 
known to us, and which are mentioned by him, renders it, 
however, a probable hypothesis, which I believe admits of 
verification, even in the present state of science. 

It is now essential that we should determine the amount 
of iron contained in liquor sanguinis with the greatest attain- 
able accuracy. All authorities agree that this fluid contains 
only the minutest traces of iron. The following sentence con- 
tains the most definite statement I have yet been able to find 
on the subject. * Bisweilen,* says Kiihne, under the heading of 
Die Salze des Plasma's, ' die serum asche auch etwas 00^, and 
Kieselsaure, und in hinlagUch grossen quantitaten konnen 
auch spuren von Eisen, Mangan, und Kupfer nachgewiesen 
werden.' K the quantity of iron in liquor sanguinis, which can 
never be obtained absolutely free from blood-corpuscles, be as 
small as we should infer from this sentence, we should be forced 
to the conclusion that the iron of the bile is certainly derived 
from the iron-containing constituent of the blood-corpuscle, 
i.e. from haemoglobin. 

Many other researches now suggest themselves as likely to 
throw a light upon the subject of the transformation of the 
red blood-corpuscles, as for instance, a determination of the iron 
in all the different secretions, and a relative determination of 
the amount of iron and haemoglobin contained in the tissue of 
the liver and spleen. 



ON THE CJRANIAL OSTEOLOGY OF POLYPTERUS. 
By Ramsay H. Traquair, M.D., Edin. Professor of 
Zoology in the Royal CoUege of Science, Dublin, Plate VI. 

{Read before Section J) of the British AseocicUion at Liverpooly 

September 20, 1870.) 

Agassiz described the cranium of Polypterus Bicbir as being 
one of extreme simplicity, as regards the number of bones 
entering into its structure. Leaving out the plates roofing over 
the nasal cavities, and which he referred to the ethmoid of 
Cuvier, he only found two frontals, two parietals, two mastoids, 
one basilar and one sphenoid, entering into its composition aa^ 
distinct and separable bones ; the other osseous elem.^nts of the 
fish-skull being either wanting or united with those named \ 
And M. Dum^ril has also recently affirmed, that he has verified 
by his own researches the statements made by Agassiz on this 
point*. 

The cranium of Polypterus certainly contains a smaller num- 
ber of distinct bones than that of ordinary Teleostei, but the 
list is nevertheless larger than that given by Agassiz. Twenty- 
seven years ago, Johannes MttUer', besides proposing some 
alterations in the nomenclature of the facial bones of Poly- 
pterus, pointed out that its cranium possessed distinct pre- and 
post-frontals, as well as a separate median Cuvierian ethmoid, 
distinct from the plates designated as such by Agassiz. Muller's 
views as to the nomenclature of the bones of the head of Poly- 
pterus were further illustrated in one of the beautiful plates 
accompanying his well-known memoir on the Ganoids*, presented 
a year later to the Academy of Sciences at Berlin. 

Beyond the writings of Agassiz and Miiller, I have seen no 
detailed account of the skull of Polypterus, although its struc- 
ture is frequently incidentally referred to in handbooks, and 

^ Poissons Fossiles, T. ii. 2e partie, p. 88. 

• HUtoire natureUe des Poissons^ par A. Dam6ril, Paris, 1870, T. n. p. 374. 

3 *£ericht uber die Fortschritte der yergleichenden Anatomie der Wirbel- 
thiere in Jahre 1842.* Archiv fUr Anatomie, 1843, s. ccxxxiz. 

* 'Ueber den Ban und die Grenzen der Ganoiden.* Ahhandlungen der 
K, Acad, der Wissenschaften, Berlin, 1844 (1846). 
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other works on Comparative Anatomy and Palaeontology^. I 
shall therefore proceed to give the results of my own observa- 
tions on the structure of the cranium and face in Polypterus. 
My dissections were made on some small specimen? of Poly- 
pterus Bichir, which formed part of the collection brought from 
the Nile some years ago, by Consul Petherick. They belong to 
a variety with few dorsal finlets (8 — 10) and much resembling 
the P. Senegallus of Cuvier ; Dt Giinther is however of opinion, 
that this and the other species of Polypterus hitherto recognised 
are but varieties of one comprehensive specific form, the P. 
Bichir of Qeoflfroy St Hilaire. 

Primordial Cranium of Polypterus. 

M. Dum^ril's statement is a very strong one, and, as well as 
the original description of Agassiz, can only be explained by 
supposing that, in old specimens, certain sutures may become 
obliterated. The specimens of Polypterus, which I have had an 
opportunity of examining, have been of rather small size, the 
largest of them measuring only 14f inches in length ; but in all 
I have found the number of separable cranial bones to be 
greater than in the list given by Agassiz. 

Fig. 2 represents the upper, and fig. 3 the lower aspect of 
the primordial cranium of Polypterus, prepared by the removal, 
after maceration, of the superficial or membraue-bones of the 
skull. Above, the cr^jiial cavity is exposed by a large rectangu- 
lar fontanelle, roofed over by the frontal bones {Fr. fig. 1), and 
below there is a smaller one (pituitary), covered up in like 
maorner by the parasphenoid (x, fig. 5). Besides the ossifications 
which it includes, this primordial cranium consists very largely 
of cartilage, especially in the otic region behind, and in the 
nasal part in front. The cranial cavity commencing posteriorly 
at the foramen magnum (0. F.) is continued forwards between 
the orbits as far as the nasal chambers, where it terminates in 
two rounded openings, one into each of these. These spacious 
cavities, containing the complex olfactory apparatus described 

1 Huxley's * Essay on the Classification of the Devonian Fishes,' Mem, Geol, 
Survey, Decade x. Lond. 1861. Owen's Comparative Anatomy of the Vertebrata, 
Vol. I. London, 1866. The Histology of Polypterus has been carefully examined 
by Leidig, Zeitschrift fiir Wiss, Zoologies 1854. 
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by Miiller and Leidig, are somewhat inflated in form, and 
mainly bounded by cartilage ; each presents in fix>nt a rounded 
external opening, and they are separated from each other by 
a median vertical cartilaginous septum. Comparing this cra- 
nium with that of an ordinary Teleostean, it will at once be 
seen that the cartilage-bones entering into its formation are 
comparatively few in number ; and, as observed by Leidig, they 
are mostly of a yellowish colour, whereas the superficial * Deck- 
knochen ' are greyish white, and more compact in texture. 

Posteriorly, there is but one occipital bone {Occ,), which 
completely surrounds the foramen magnum, thus occupying the 
place, not only of the basioccipital, but also of the exoccipitals : 
it is also very universally held to have incorporated with it the 
body of at least one of the vertebrae of the trunk, the first of 
the spinal series being represented only by a detached arch and 
pair of ribs. This occipital bone articulates behind with the 
arch of the first and the body of the second vertebra ; below 
with the parasphenoid (a?); laterally and in front it presents 
a deep notch on each side, completed by the opisthotic bone 
( Op. 0.) into a foramen (8) for the passage of the vagus nerve ; 
above it articulates, near its external angle, on each side with 
the parietal (Pa. fig. 1). In front it is likewise continuous, 
above and below, with the primordial cartilage. 

In front of the occipital there is, on each side, a bone {Op. o.) 
which aids in the support of the otolithic sac, and is drilled by 
both the external and posterior semicircular canals of the ear. 
Its posterior margin shews a very deep notch, which, with the 
occipital, is completed as aforesaid into a foramen (8) for the 
vagus nerve; on its outer side, in front, it articulates with a 
double process of the parasphenoid {x, fig. 4), and by its 
superior external margin with the parietal bone. Its margins, 
below, in front, and above, are also continuous with the cranial 
cartilage. This bone, the 'mastoid* of Agassiz and Miiller, 
I must identify as the Opisthotic of Huxley, but it is evident 
that it also includes his Epiotic element. 

Between these bones and the post-frontal region the walls 
of the primordial cranium are entirely cartilaginous. Above, 
this cartilaginous portion of the cranial roof is encroached on 
by the great fontanelle, and is covered by the parietal bones ; 
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telowr the cartilage stretches uninterruptedly from the basi- 
lar portion of the occipital to the bone (Sph.) which I have 
designated as sphenoid. At the side, the cartilage protects the 
greater portion of the auditory organ, the otolithic sac causing 
a prominent oval bulging on the infero-lateral aspect, in which 
bulging the opisthotic bone also takes part. In front of the 
vestibule the cartilage is pierced by a foramen (Fa.) for the 
passage of the facial nerve ; and again, just at the hinder margin 
of the boDe Sph., by two foramina for the second and third 
divisions of the trigeminal. There is thus no Frootic nor any 
Pterotic bone in the cranium of Polypterus ; the region of the 
pterotic is partly covered by the lateral margin of the parietaX 
while the cartilaginous prootic region is strengthened by an 
anterior and posterior ascending process of the lateral wing 
of the parasphenoid {x, fig. 4). 

Connected with the upper and external angle of the front of 
this cartilaginous otic region of the cranium, the Fostfrontal 
bone {Ftf.) projects outwards and forwards, forming the promi- 
nent angle of the margin of the cranial roof behind the orbit. 
A small and delicate horizontal bar of cartilage passes forwards 
and inwards from near its tip, connecting it, as it were, by a little 
bridge, with the cartilage of the front part of the skull. The 
post -frontal bone consists of two portions, — a posterior, yellowish 
and spongy-looking, placed like a little vertical plate projecting 
down from the posterior external angle of the frontal bone ; and 
an anterior part, white and compact, flattened horizontally, and 
closely applied to the lower surface of the frontal, along its ex- 
ternal margin behind the orbit (see figures 4, 5, and 7). The 
post-frontal articulates by firm suture with the parietal, frontal, 
and anterior ascending process of the parasphenoid ; posteriorly 
and internally it comes very close to the sphenoid {Sph.), but is 
still separated from it by cartilage. It is connected more loosely 
with the posterior suborbital bone (S. b.). 

Between the otic portion of the cranium behind, and the 
nasal in front, extends the remarkable bone SpL, lying between 
the jfrontal bones above, and the parasphenoid below, and enclos- 
ing that continuation of the cranial cavity which passes forwards 
between the orbits as far as the nose. It consists of two verti- 
cal laminsB which bound that prolongation of the cranial cavity 
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between them. The lower margins of those two laminae are 
connected with each other behind by a narrow horizontal plate 
forming part of the floor of the cavity of the skull ; and in front 
each vertical lamina again sends inwards from its lower margin 
a horizontal plate, which is however separated by a suture from 
its fellow of the opposite side. These last-mentioned horizontal 
plates are not visibte from the under surface of the primordial 
cranium, being covered up by cartilage. Each vertical lamina, 
somewhat rectangular in shape, articulates above with the fron- 
tal of its side, in front with the prefrontal, below with the parar- 
sphenoid, and behind is continuous with the primordial cartilage. 
Its posterior margin is slightly notched by the foramina (5" and 
5'"), which transmit the 2nd and 3rd divisions of the 5th nerve ; 
and near the middle of its lower margin is a foramen (2) for 
the optic nerve : above and behind the exit of the optic nerve 
the bone is also pierced by two small openings, one for the 
trochlearis nerve (4), the other (3) for the oculo-motor, abducens, 
and first branch of the trigeminal. The upper margins of the 
two vertical laminae are largely separated from each other above 
by the great fontanelle, but in front of that opening they are 
connected with each other by a horizontal plate of cartilage 
continuous in front with that which roofs over the nasal cham- 
bers. The continuation of the cranial cavity enclosed by this 
bone is shut off from the nasal cavities by a cartilaginous parti- 
tion in which two round holes are drilled, one for each olfactory 
nerve. Each of the principal laminae, of which this bone con- 
sists, was in fact described by Agassiz, and alluded to by Miiller, 
as a descending process of the frontal, from which however it is 
quite distinct. 

It is evident, from its connections with surrounding bones 
aad with the nerves issuing from this part- of the cranium, that 
this bone {Spk) occupies the entire space filled up in the skull 
of the Teleostean by the sphenoideum anterius and alae orbi- 
tales of Cuvier behind, and the bone of the interorbital septum 
in front. In accordance with the nomenclature of Professor 
Huxley, who considers the interorbital bone to be the orbito- 
sphenoid, and the sphenoideum anterius and orbital alae of 
Cuvier to be the postsphenoid with its wings, I shall simply call 
this bone of Polypterus's skull ' sphenoid.' It is interesting to 
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observe, that if we were to imagine the portion of this bone 
behind the optic foramina cut off, the remainder united with 
the adjoining prefrontals {Prf,), and lastly ossification to invade 
the adjoining parts of the cartilage of the cranial roof and floor, 
as well as of the posterior part of the nasal septum — we should 
have a bone exactly the counterpart of the ' os en ceinture' of 
the frog's skull. 

The general conformation of the nasal portion of the cra- 
nium has been already alluded to. Extensively cartilaginous, 
it contains three ossifications, two lateral, and one median. 
Each of the lateral ossifications {Prf.) has the form of a trian- 
gular plate, which, extensively connected with the primordial 
cartilage, enters into the formation of the anterior wall of the 
orbit, and the posterior part of the outer wall of each nasal 
chamber. It articulates by firm suture, behind with the inter- 
orbital portion of the sphenoid, by |its apex with the firontal, 
and by- its anterior margin with the premaxillary (Pmx,) — 
here it also comes into close relation with the anterior subor- 
bital bone (fii'.b'). The lower margin articulates with the 
palate-bone {PI) by a joint which admits of a considerable 
amount of gliding motion. The apex of the bone is pierced 
by a foramen which transmits the ophthalmic part of the 
trigeminal nerve to the nasal cavity in front. Their connec- 
tions render it evident that the two ossifications just described 
are the prefrontal bones. 

The ethmoid (Olivier), being the same bone called nasal by 
Owen and others, is a median ossification in the front of the 
septum narium, which projects like a little knob from the front 
of the primordial cranium {E, figs. 2 and 3). Above it sends 
backwards beneath the nasal bones {Na.) a flat narrow pro- 
cess, which is ossified in the membrane superficial to the car- 
tilage. In the complete skull this median ethmoid is almost 
entirely covered up from view by other bones ; a small lozenge- 
shaped portion is however seen on the front of the snout be- 
tween the external nasal openings (see figs. 1 and 7, -E). It 
articulates above and behind with the nasals {Na.), on each side 
with the two little bones marked Na', in front and below with 
the premaxillaries. Below and behind it is touched by the ante- 
rior extremity of the parasphenoid, and on its lower or palatal 
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aspect a small lozenge-shaped portion, left exposed between the 
premaxillaries, is covered up by the anterior extremities of the 
vomers {Vo. fig. 5). 

Membrane-bones of the cranium. 

We shall now proceed to the description of those bones 
which may be stripped oflf from the macerated skull, without 
injury to the subjacent cartilage. Fig. 1 represents the cranium of 
Polypterus with membrane-bones, seen from above; fig. 4, seen 
from the side; and in fig. 5, by the removal of the facial bones of 
the left side, one-half of the cranium is also seen from below. 

On the upper surface of the cranium, as seen in fig. 1, are 
three pairs of flat bones, readily removed after maceration; and 
which, in their relations to the cranium and to each other, at 
once recall to our minds the parietals, frontals and nasals of 
higher vertebrata. Their external surfaces are, for the greater 
part, without any covering of soft skin, are polished in aspect 
and beautifully tuberculated : and indeed, as is already well 
known, the structure of these bones, along with the opercular 
and other facial elements, in no essential manner differs from 
that of the osseous scales covering the body. Where they rest 
on the primordial cartilage, a thin layer of pigmented connec- 
tive tissue intervenes, as has been pointed out by Leidig\ 

Each parietal bone (Pa.) is of a somewhat quadrilateral 
form, sending backwards a pointed process from its posterior 
margin near the external angle. Internally it articulates with 
its fellow of the opposite side, behind with the supratemporals 
{St.), in front with the frontal, and at its posterior external 
angle with the first post-spiracular ossicle. The external margin 
is beveled off downwards, and bounds the spiracle internally ; it 
is in contact with the two spiracular ossicles, when the valvular 
opening of the spiracle is closed ; behind the spiracle this outer 
margin helps also to form the articular cavity, in which the head 
of the hyomandibular bone [H, M.) moves. Each parietal rests 
below on the primordial cartilage, and articulates besides with 
the opisthotic ( Op. 0.), the occipital (Occ.), and the postfrontal 

The frcmtal bones {Fr.) articulate in the middle line with 

^ Op. dt. p. 49. 
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each other, behmd with the parietals, and in jfront with the 
nasak and slightly with the premaxillaries : while the outer 
border of each forms the upper margin of the orbit, and, 
behind that, articulates with the pre-spiracular and the an- 
terior one of the spiracular ossicles. On its deep surface each 
frontal articulates at its anterior external angle with the pre- 
frontal ; behind that, and for nearly the whole length of the 
bone, with the lateral perpendicular lamina of the sphenoid; 
and lastly, the post-frontal fits on below the posterior part 
of the external margin. Internally to the perpendicular 
laminae of the sphenoid, the frontals rest on primordial car- 
tilage, and roof over the great fontanelle; externally to the 
sphenoid they cover the orbits. 

In advance of the frontals there are again two smaller and 
nearly square-shaped plates (Na.), covering the cartilaginous 
roof of the nasal chambers. Each articulates in the middle 
line with its fellow, behind with the frontal, externally with 
the premaxillary. The anterior border forms part of the 
superior margin of the external bony nasal opening ; and, in- 
ternal to that opening, articulates with the small ossicle (JVa), 
and touches the median ethmoid. I follow Miiller and others 
in calling these two bones nasals; it will be seen that they 
occupy the same relative positions, as regards the nasal cavities 
and the cranial bones generally, as the bones called nasal 
in the frog. When Professor Owen, however, says that in 
Polypterus "the nasal is divided at the median line\" it is clear 
that he has overlooked the median bone {E), also present in 
Polypterus, and which certainly is the 'nasal' of his nomen- 
clature. It is also clear, that if Owen's 'nasal* in the fish be 
the homologue of the 'nasals* in other vertebrata, some other 
signification must be found for the plates {Na.) just described. 
But if they are, to use Mr E. R. Lankester's terms, either 
homoge'neous or homoplastic with any bones in the skull of 
higher vertebrata, I only conceive them to be the equivalents 
of the nasals. 

In front of each nasal, near its anterior internal angle, 
and articulating both with it and the median ethmoid, there 
is, in every skuU of Polypterus I have examined a small bony 

^ CompAnat of the Vertebrata^ z. 114. 



174 PROFESSOB tRAQUAIB. 

plate {N'a)f which also contributes to the formation of the 
upper osseous margin of the external nasal opening. What 
signification can be attached to this ossicle is not at all clear 
to my mind; there is, without it, a distinct and moveable 
OS terminale (turbinal of Owen) on the inner margin of the 
nasal opening (0. t. fig. 7). 

Extending along almost the whole length of the base of 
the cranium is the largely developed parasphenoid {x, figs. 4 
and 5). Cleft posteriorly, and ending in front in a sort of 
spoon-shaped extremity, it gives off on each side, a little 
behind the middle, a lateral process or wing. The elongated 
median portion, or body of the bone, covers up the inferior 
fontanelle, and a considerable portion of the primordial car- 
tilage, both in front and behind ; it articulates above also 
with the occipital and sphenoid, and by its anterior extremity 
with the premaxillary and the median ethmoid. In front 
of the lateral wings its palatal surface is also in contact with 
the inner edge of the entopterygoid {Ept.) on each side. Each 
lateral wing divides into three processes, — an anterior, pos- 
terior, and inferior. The inferior process, to which the an- 
terior branchial arch is attached, extends nearly horizontally 
outwards and a little backwards, ending in a sharp point: 
the anterior one passes obliquely upwards and forwards over 
the primordial cartilage behind the exit of the second and 
third divisions of the trigeminal nerve to join the post-frontal ; 
while the posterior process, dividing into two branches which 
enclose the exit of the facial nerve (^a. fig. 4) between them, 
passes in like manner over the cartilage to the opisthotic bone. 
The anterior spoon-shaped extremity of the bone is covered 
on its palatal surface by numerous minute thickly-set teeth, 
which pass backwards in a narrow dentary band which bifur- 
cates posteriorly, one branch passing on to the under surface 
of each lateral wing (see fig. 5). 

A complex morphological importance has been assigned to 
this bone x in the skull of Polypterus. The anterior spoon- 
shaped dentary portion has been considered as an equivalent 
of the vomer, and the parts of the lateral wings which ascend 
anteriorly and posteriorly on the side of the cranium have been 
held to be the homologues of the alisphenoids and alsB orbi- 
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tales of Cuvier (the proStics and alisphenoids of Huxley). 
For my own part, I cannot see any reason to attach to this 
bone a significance beyond that of the parasphenoid of any 
other fish, or of an amphibian. As I shall presently point out, 
Polypterus possesses a double vomer in addition to its para- 
sphenoid; the prootic is simply wanting; the alisphenoid is 
represented by a portion of the great bone Sph.^ and the 
ascending processes in question I can only look upon as oflf- 
shoots of the great 'splint-bone' of the base of the skulL 

In front of the anterior extremity of the parasphenoid 
and internal to the dentary margin of the premaxillary {Pmx.) 
and maxillary [Mx) are two narrow bones (Fo.), which meet 
each other in the middle line in front, and form together a 
figure like a horse-shoe. Only one of these bones, that of 
the right side, is represented in fig. 5, its fellow being removed. 
Each of them is in contact above with the median ethmoid (-K), 
with the premaxillary, and with the cartilaginous floor of the 
nasal chamber ; by the greater part of its outer edge it articu- 
lates by suture with the maxillary bone, while its posterior 
extremity is articulated with the ectopterygoid (Ecpt), coming 
also into close contiguity with the palate-bone and prefrontal. 
Its articulation with the maxillary and ectopterygoid bones 
is so firm, and its other connections so comparatively loose, 
that it shares, with its fellow, all the movements of the 
facial apparatus on the cranium. By Agassiz this bone was 
supposed to be a portion of the superior maxillary, by 
Miiller of the * palate-bone ' (under which designation he in- 
cluded also the ectopterygoid), and hence the latter distin- 
guished author wrote of the palate-bones of Polypterus as 
meeting each other in the middle line in front. But the bone 
(Fb.), of each side, is certainly distinct from any other; and 
the position of the two as membrane-bones on the lower aspect 
of the anterior part of the cranium, immediately behind the 
premaxillaries, and in advance of the parasphenoid, determines 
them, I think, to be the duplex vomer. Their determination 
as such certaioly concurs, with other things, in giving a some- 
what amphibian aspect to the anterior region of the skuU 
of the Polypterine fishes. 
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PalatO'Suspensory Apparatus of Polypterus. 

The palato-suspensory apparatus is similar in structure and 
connections to that in most Teleostei, save that the symplectic is 
absent, the hyomandibular possesses a small accessory piece 
at its upper extremity, and the ectopterygoid plate is so largely 
developed as to close out the comparatively minute palate-bone 
from view on the oral surface of the hard palate. 

The hyomandibular [H, M., fig. 6) is a narrow, elongated, 
laterally compressed bone, the long axis of which passes at 
first obliquely downwards and backwards fi:om its articulation 
with the side of the cranium, and then a little above the 
middle of the bone bends forwards at nearly a right angle 
towards the articulation of the lower jaw. Opposite the pos- 
teriorly directed angle ot curvature, a small process, tipped with 
cartilage, projects upwards and backwards to articulate with 
the operculum {Op,). The expanded upper extremity of the 
bone, furnished with an oval convex tip of cartilage, fits into 
an obliquely placed articular cavity on the side of the cranium, 
just behind the region of the spiracle, and which cavity is 
formed by the opisthotic and parietal bones and a portion of 
the cranial primordial cartilage. A suture is seen cutting ofiF 
a triangular portion {H. M\) firom the posterior part of this 
articular head; this is the accessory hyomandibular, already 
referred to. The lower extremity of the hyomandibular pointing 
downwards and forwards is also tipped with caitilage, and is 
bound by ligament to the stylohyoid element ; in front it is 
also somewhat loosely bound by connective tissue to the pos- 
terior part of the palato-quadrate arrangement. 

This palato-quadrate arrangement is essentially . the same 
as in Teleostei, both as to number of bones, and as to the 
relations of these to their axial lamina of cartilage. Behind 
there are two bones ossified from that cartilage, of which the 
lower and outer one {Qu., figs. 6 and 6), presenting a transverse 
articular ridge for the lower jaw, is evidently the quadrate bone 
of ordinaxy fishes. 

Miiller correctly pointed out that Agassiz was wrong in 
identifying this bone with the 'transverse' of Cuvier. But 
Miiller was wrong and Agassiz right, as regards the other bone 



THE CRANIAL OSTEOLOGT OF POLTPTERUS. 177 

{MpL), which lies above^ and to the inner side of the quadrate, 
and is extensively seen on the oral surface of the palate (see 
fig. 5). This bone, marked 'external pterygoid' by Mtiller in 
the figures accompanying his Memoir on the Ganoids in the 
BerUn Transactions, is undoubtedly the 'tympanic' of Cuvier, 
the 'pretympanic' of Owen, the ' metapterygoid* of Prof. Hux- 
ley's nomenclatura 

From the quadrate and metapterygoid bones behind a thin 
lamina of cartilage extends forwards on the upper surfaces of 
the two bony plates Ept and Ecpt, and ends in front in a small 
ossicle {PL fig. 6), which is moveably articulated to the lower 
margin of the projecting anterior inferior angle of the pre- 
frontal. This little ossicle, seen in the front of the floor of the 
orbit^ is all which represents the jxdate-bone in Polypterus; it 
is excluded from appearing on the oral surface of the hard 
palate by the bone (Ecpt) presently to be described. 

Connected with the under surface of the palato-quadrate 
lamina of cartilage are two elongated laminar membrane-bones 
{Ept and Ecpt. figs. 5 and 6), forming the greater part of the 
hard palate on each side. The internal of these two {Ept)^ 
whose inner margin glides on the parasphenoid, and which ar- 
ticulates by its outer margin with the metapterygoid and the 
bone Ecpt, has always been correctly recogiused as the ptery- 
goid or entopterygoid bone. Its palatal surface is roughened 
by very minute teeth. The other externally placed bone {Ecpt) 
articulates behind with the quadrate and metapterygoid, inter- 
nally with the entopterygoid, in front with the vomer, and on 
the upper surface of its anterior extremity with the palate-bone, 
which separates it here from the prefrontaL A little in front 
of the middle of its external margin it sends outwards a small 
pointed process to join the superior maxillary {Mx), and then, 
a small space intervening, it again comes into contact with the 
same bone on the outer margin of its anterior extremity. The 
palatal aspect of the bone is in front covered with minute teeth, 
a distinct and separate row of which, larger than the others, 
garnishes the anterior part of the external margin. From its 
position on the outer margin of the hard palate and its rela- 
tions to the cartilage and to the other bones of the palato- 
quadrate system, it is evident that this is the Ectopterygoidf 
VOL. V. 12 
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the 'transverse* of Cuvier; although, by both Agassiz and 
Muller, it was described as * palate-bone.' 

The Jaws. 

The PremaxiUary bones, developed on the anterior-inferior 
margin and external surface of the cartilaginous nasal portion 
of the cranium, are immoveably articulated with the front of the 
skull. Each premaxillary {Pmx,), articulating in the median 
line with its fellow, sends backwards on the palatal surface of 
the nasal chamber, above the anterior extremity of the vomer, 
a small horizontal plate to join the end of the parasphenoid. 
Between these two little horizontal plates a small lozenge-shaped 
portion of the ethmoid {E, fig. 5) is exposed, which is however 
covered up when the vomers are in situ. On the upper surface 
of the snout the premaxillary is seen likewise to articulate 
with the median ethmoid {E, fig. 1), and with the little bone 
lfa\ It then passes as a narrow bar round the inferior margin 
of the external nasal opening, to expand behind it into a large 
process passing upwards and backwards, and which articulates 
above with the nasal bone, behind with the prefrontal, and by 
its apex with the anterior external angle of the fit)ntaL Below 
and behind the nasal opening the premaxillary is connected 
with the maxillary (Mx,) and with the anterior suborbital 
{8, V.) by articulation admitting of considerable movement; 
above the latter bone it contributes to form the anterior mar- 
gin of the orbit. 

The macdUary bone {Mx. figs. 5 and 7) forms the greater 
part of the external dentary margin of the upper jaw; and its 
upper edge is also excavated to form the lower margin of the 
orbit. Behind the orbit it articulates with the posterior sub- 
orbital bone {8. h) and with the other dermal bones (y, y\ y") 
covering the cheek; in front of the orbit with the anterior sub- 
orbital {8. V) and with the premaxillary; internally it articu- 
lates with the vomer and with the ectopterygoid. Its oral 
margin, as well as that of the premaxillary, is garnished with 
slender conical teeth, most of which are anchylosed with the 
bone. 

The lower jaw consists, as is well known, of four pieces on 
each side: the articular {Ar. fig. 7), the angular {An), the 
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dentary (2?.), and the splenial {1^.). The dentary bone bears 
the outer range of large teeth; the splenial lying along the 
inner aspect of the jaw covers up Mockers cartilage, which ex- 
tends from the articular element forwards to the symphysis, in 
a groove formed by the angular and dentary elements. The 
splenial likewise forms the upwardly directed coronoid process 
(the only portion of this element seen in fig. 7), and in front of 
that its upper edge is garnished with a range of closely set 
brush-teeth. 

Passing over the lahial cartilage, the hyoid, the branchioste* 
gal plates, and the branchial bones, which are already very 
sufficiently known, we proceed to the 

Opercular apparaiit8,and Dermal Bones of the head of Polypterus. 

The opercvlwrn {Op) and the euhopercvlvm {S. Op.) are 
easily recognised; there is no interoperculum, and the presence 
of anything corresponding to the preoperculum is somewhat 
doubtful. The bone (y, fig. 7) lettered as such in the figures 
of Agassiz and of MuUer is a large, irregularly shaped osseous 
plate covering the cheek and muscles of mastication, and ex- 
tending from the operculimi and suboperculum forwards as fiur 
as the superior maxillary bone. Posteriorly it is immoveably 
fixed to the hyomandibular and quadrate bones; but its con- 
nection with the operculum and suboperculum admits of course 
of free movement of the latter. Its upper anterior and lower 
margins are in contact with other dermal bones to be presently 
described. The greater part of its external surface is, like that 
of so many of the bones of the head, polished and granulated, 
save a small portion in front and a larger space below and be- 
hind, which are covered by soft skin. From the manner in 
which this plate extends forwards over the cheek. Prof. Huxley 
considers that it cannot be a preoperculum; and indeed is in- 
clined to doubt the presence of a true preoperculum in any of 
the Crossopterygian Ganoids*. Agassiz himself did not consider 
the entire bone as corresponding to the preoperculum of other 
fishes, but only the posterior-inferior non-enamelled part, the 

* Cloisification of Devonian Fishes^ p. 40. 

12—2 
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rest being comparable with the cuirass of polygonal plates 
covering the cheek in Lepidosteus*. 

In front of the plate last described and behind the posterior 
suborbital bone there is a small plate {y) covered with soft 
integument like the adjoining maxillary and suborbital bones. 
And again, along its lower margin there are, in typical specimens 
of P. Bichir, two, sometimes three, little plates with enamelled 
tuberculated surfaces ; in the present variety however there is 
only one in front {y"), and that generally not enamelled. 

The spiracular ossicles {Sp. 0,) are two small plates, one of 
which, the posterior, is somewhat rectangular in form, while the 
anterior one is triangular, with its apex received into a ngtch on 
the posterior external angle of the frontal bone. These two 
ossicles form a valve protecting the spiracular cleft, which lies 
between their inner margin and the parietal bone. Behind the 
spiracular plates, and extending backwards in a row along the 
upper margin of the operculum are, in the specimen repre- 
sented in fig. 7, four post-spiracuiar ossicles {z, z, z, z)\ and again 
in front of the spiracle there are two pre-spiracular plates {z, «') 
extending downwards and forwards towards the orbit between 
the frontal and postfrontal bones, and the great cheek-plate y. 
The whole of this antero-posterior chain of dermal bones have their 
external surfaces beautifully enamelled, and except in the case 
of those forming the spiracular valve, which are limited to two, 
their number is very irregular and is often different on the two 
sides of the head. In large typical specimens of P. Bichir the 
number ofpre-spiracular ossicles especially is always greater than 
in the comparatively short-headed variety here figured. 

The head of Polypterus possesses also the same sets of der- 
mal bones, which in most Teleostei are so constantly found in 
connection with the cephalic ramifications of the slime-canal 
system. The first of these sets {8, t) corresponds exactly with 
the supratemporal range of ordinary osseous fishes, and exactly 
as in the salmon conducts a transverse commissure of the lateral 
canal-system across the back of the head. There are always 
six supratemporals in Polypterus ; the first on each side lies in 
front of the post-temporal' and above the post-spiracular bones, 

^ Poissons FossileSt ii. part 2, p. 40. 

' Post-temporal (Parker) ; supra-scapular (Cuvier) ; upper mpra-clavieular 
(Gegenbanr). 
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the other two with their fellows form a transverse chain across 
the back of the head immediately behind the parietal bones, 
behind the median pair the proper scales of the trunk com- 
ence. 
The chain of syborbitcd bones is interrupted in the middle, 
oiiere being only two present, an anterior and a posterior, while 
the lower margin of the orbit is formed by the superior max- 
illary bone. The posterior suborbitcd {8. b.) passes downwards 
and forwards from the postfrontal to the maxillary bone; and 
the anterior {8. V.) fills up the angle between the maxillary and 
premaxillary in front of the orbit, — ^internally it is also con- 
nected with the prefrontal. Both suborbital bones are covered 
by soft skin, and are drilled by the suborbital slime canal. 

The 08 terminale^ is a very small, curved, tubular ossicle 
(0. t fig. 7) connected with the termination of the main lateral 
mucous canal of each side. Covered with soft skin, it is loosely 
and moveably placed on the superior internal margin of the 
external nasal opening of the cranium {PI). The small im- 
moveable plate No!,, which lies to its inner side, looks ahnost 
like a reduplication of the os terminale. 

Distribvtion of the Slime-canale on the head of Polypterus. 

The ramifications of the slime-canal system on the head of 
Polypterus follow a plan essentially similar to that which ob- 
tains in osseous fishes. The main lateral canal of each side 
penetrates the post-temporal bone, and then is conducted, 
through the first and second supratemporal ossicles, to the 
parietal Its course forwards lies then through the parietal, 
postfrontal, frontal, nasal, and accessory-nasal bones, until it 
terminates in front in a transverse commissure, which, passing 
across through the ethmoid, joins it with the extremity of the 
canal of the opposite side. On its way it gives oflF, first a supra- 
temporal branch, which, passing across the back of the head 
through the supratemporal bones, forms a posterior transverse 
commissure with the system of the other side. The suborbital 
branch, leaving the main canal in the postfrontal bone, passes 
downwards and forwards, round the posterior and inferior mar- 

1 Os terminale (Stannius) ; os nasale (Cuvier) ; turbvml (Owen). 
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gins of the orbit, through the postfrontal, posterior suborbital, 
superior maxillary and anterior suborbital bones, and then 
entering the premaxillary, it proceeds forwards lodged in that 
bone beneath the lower margin of the nasal opening, and termi- 
nates at last by joining the anterior transverse commissure in 
the ethmoid. From the point, where the main and suborbital 
canals meet in front, a small branch is given off upwards and 
backwards, lodged in the moveable os terminale. The operculo- 
mandibular canal, distinct from the main canal and its branches, 
drills the hinder border of the great cheek-plate (y), just as the 
corresponding one in Teleostei drills or grooves the preopercu- 
lum. It then enters the angular piece of the lower jaw, and 
proceeds forwards through it and the dentary to the sym- 
physis, where it forms a junction with its fellow of the opposite 
side. Numerous pores, symmetrically placed on the two sides 
of the head, connect these canals with the external surface ; 
the points where these pierce the bones are indicated in figures 
1 and 7. There is a median pore at the symphysis of the jaw, 
where the operculo^mandibular canals of the two sides join each 
other. 



EXPLANATION OF PLATE VI. 



The lettering (nearly the same as that employed by Professor 
Huxley in his Atlas of CompwrcUive Oeteology) is uniform throughout 
all the figures. 



An. Angular. 
Ar. Articular. 

D, Dentary. 

E. Ethmoid. 

Ecpt Ectopterygoid. 
Ept, Entopterygoid. 
Fa. Exit of facial nerve. 
Fr, Frontal. 
H, M. Hyomandibular. 
H, M\ Accessory Hyoman- 
dibular. 
Mpt, Metapterygoid. 
Na, Nasal. 
Na'. Accessory Nasal. 



Occ, Occipital. 

0, F, Occipital foramen. 

01, Nasal openiug. 
Op. Operculum. 
Op. 0. Opisthotia 
0. t, Os terminale. 
Fa. Parietal. 

Fl. Palate bone. 

Fmx. Premaxillary, 

Frf. Prefrontal, 

F. t. Post-temporal. 

Ftf, Postfrontal. 

Qu. Quadrate. 

S. b. Posterior suborbital. 
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S. v. Anterior suborbital. y ) Tk ^ \. xi. 

Sp. Splenial. }/ I ^^™^ ^""^ ^^ *^« 

Sph. Sphenoid. y'' ) "^^^ 

Sp. 0. Spiracnlar ossicles. Sf, Zy Zy z, Postspiracular os- 

Se. Supratemporals. sides. 

Vo. Vomer. ar', z', Prespiracular ossicles. 

X, Parasphenoid. 

2. Exit of optic nerve. 5". Exit of 2nd division of 

3. Foramen for the passage of trigeminal. 

the ociilomotor,abducens, and first o\ Exit of 3rd division of 
division of the trigeminal nerves. trigeminaL 

4. Exit of trochlear nerve. 

In these figures the cartilage is indicated by fine dotting. In 
fig. 5, however, care must be taken not to confound the dotting 
indicating the minute teeth on the parasphenoid, entopterygoid, and 
ectopterygoid bones, with that which marks the cartilage in other 
parts of i^e figure. 

Fig, 1. Upper surface of the cranium of Polypterus, with the 
membrane bones in situ. Enlarged one-third. 

Fig. 2. Upper aspect of the primordial cranium of Polypterus, 
the membrane-bones stripped off. From a smaller specimen, and 
magnified two diameters. 

Fig. 3. The same primordial cranium with its ossification seen 
from below. 

Fig. 4. Lateral view of the cranium represented in fig. 1 . 

Fig. 5 . Skull of Polypterus, seen from below ; the maaollary bone, 
the vomer, the palatal, suspensory, and opercular apparatus being 
removed from the left side, and the lower jaw and branchial appa- 
ratus from both. On the right side of the head the upper jaw, 
vomer, palato-q\iadrate, and opercular apparatus are seen. Enlarged 
about one-third. 

Fig. 6. Opercular bones, hyomandibular, and palato-quadrate 
apparatus of the left side of the specimen represented in fig. 5, seen 
from the outer side. The vomer is retained attached to the anterior 
extremity of the ectopterygoid. 

Fig. 7. The same skull represented in fig. 5, but with the lower 
jaw still attached and seen from the right side. 
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CorUrilmtion to the theory of Natv/rcd Selection, By Alfred Bussel 

Wallace. Macmillan and Co., 1870. 

The series of Essays collected into one volume, under the above 
title, by the sagacious naturalist of the Malay Archipelago, has^ with 
the exception of one Essay, been already published in various 
periodicals. The vein of thought which runs through them is so 
original and characteristic of the author, that it is well that they 
should be given to the public in this form, although some of these 
Essays seem to have little to do with the 'theory' which has of late 
occupied so much of the attention of naturalists ; and the concluding 
ones raise a grave exception to the universal application of natural 
selection in the evolution of organisms. It is a rare luxury to read 
the works of a man who goes so directly to nature for his facts, and 
to his own experience for illustrations; who is so little trammelled 
by the preconception of others, and whose acquaintance with his 
subject is so wide and so minute that his speculations are always 
noteworthy if not convincing. In keenness of observation, in logical 
power, in courage, and in candour, Mr Wallace is only second to the 
author of the Origin of Species, who, coming after him, Mr Wallace is 
content should be prefen'ed before him. By his clearness and vigour 
of thought and expression, he has succeeded in presenting the results 
of great labour in such a manner as to abstract all labour from the 
reception of them. 

The first three Essays have already attracted a large amount of 
public attention. The first two mainly because Mr Darwin accredits 
the author with having arrived at almost exactly the same con- 
clusions as himself on the origin of species; and the latter on 
'mimicry,' because it was published in so popular a form and in 
so widely-read a publication as the Westminster Meview ; and also 
because of the great interest of the subject, and the intrinsic merit of 
the manner in which it was ti*eated. It may safely be predicted 
that the study of the subject of 'Mimicry' will reveal a multitude of 
interesting and suggestive facts from fields already explored, as well 
as from every fresh hunting-ground of the naturalist; and that Mr 
Wallace's clear and masterly article will always be recognized as 
having furnished the impetus which gave direction to this line of 
enquiry. 

In estimating the share which Messrs. Darwin and Wallace have 
respectively taken in enunciating the 'theory of Natural Selection,' 
we must exercise our own j iidgments, as each of these distinguished 
men manifests a generous desire to attribute to the other more than 
his due. The priority of publication is clearly with Mr Wallace. 
It was the second of these Essays, which Mr Darwin tells us precipi- 
tated the publication of his best-known work; although there is 
little evidence of precipitation to be found in its pages. The general 
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propofiitioii tihat "every species has come into existence coincident 
both in time and space with a pre-existing closely allied species/' 
-which is the Q. E. D. of the first essay^ coupled with 'Hhe tendency 
of varieties to depart indefinitely from the original tyj^e," which is 
the subject of the second, points directly to the derivative origin of 
species. In these two Essays the author may be said to have traced 
tiie chain of evolution from either end until the investigations over- 
lap each other and have passed the point of junction. Nevertheless 
he has nowhere boldly grasped the idea of derivative origin — that 
idea which has proved such a nettle in the hands of others. His 
omission to do this when the facts seemed to point so directly to that 
conclusion, will be looked upon by some as a want of courage, and 
by others as an exhibition of commendable scientific caution. As, 
however, the only original and most valuable part of Darwin's work 
consists, not in the demonstration that variation may be exaggerated 
until it amounts to a specific distinction, but in the method by which 
this is accomplished; and this m/odus operandi is certainly distinctly 
sketched out by Wallace in lines of thought so parallel with those of 
the authors of the Origin of Species, as to have prompted an absolute 
identity in many of the phrases employed by both; we think that 
no insignificant share in the honomr which attaches to the grand 
generalization belongs to the author whose merits we are now dis- 
cussing. 

We need scarcely make any comment on the 'Malayan Papilionidae.' 
In this Essay the author occupies ground which is peculiarly his 
own. He thinks the study of tlus family of special value as a])plied 
to illustrate natural selection. His treatment of the subject, including 
the wonderful phenomena of polymorphism, dimorphism, and mimicry, 
is very similar and not a whit inferior to. F. Miiller's discussion of 
the wider group of Crustacea in reference to the same theory. 

The short chapter on instinct is admirably clear and sagacious; 
and his deduction that the capability of the savage to travel un- 
erringly through unknown and trackless forests, is due to intelligence 
and not to instinct, is wholly convincing. Probably, however, 
thoughtful and scientific men have never thought otherwise. That 
the £5U3ulties of observation and memory may perform wonders by 
being long and almost exclusively directed to accomplish one end, is 
quite as well exhibited by the facts of the conjuror whose disciplined 
eye can detect in one instantaneous glance accurately and distinctly 
enough to inform the memory, the nature of a whole hand of cards, 
as by the savage at home in the wilderness. Both feats are no doubt 
due to education, which is exactly the element which is wanting in 
all instinctive acts. How this Essay on instinct is connected with 
natural selection may be traced in the two succeeding ones. In the 
first of these there i» a very ingenious comparison between the con- 
struction of his habitation by man and the nesting of birds. An 
attempt is made to represent these as precisely parallel acts by 
attributing the building habit in man to the exercise of a lower 
faculty than reason, while in the bird it is referred to a higher mental 
power than instinct. Mr Wallace thinks the imitative habit, de- 
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pendent as it is on observation, memory, and that limited amount of 
reason which is exhibited both by animals and the human race, is 
suj£cient to account for all habitable structures from the Doric 
temple to the rook's nest. We do not doubt that there is more 
analogy between the human and atrial architect than a primd /aeie 
view of the case would indicate; but surely there is an analogy and 
not an identity. Although our instinctive acts are so domiaated by 
our reason that they are with difficulty detected and circnmscribedy 
yet we are conscious of both instinctive and intelligent acts. The 
building of our houses is not an instinctive act, while the nidification 
of birds certainly does appear to be the " performance of a complex 
act absolutely without instruction or previously acquired knowledge," 
which is Mr Wallace's own definition of instinct. Mr Wallace 
disputes the latter part of this assertion; and before offering a few 
remarks in support of it, it is only fair to admit that he has brought 
forward some striking facts and analogies which clearly strengthen 
his view of the case. We certainly should have supposed that the 
song of the bird was an instinctive, but experience proves it to be an 
imitative act. That birds alter their nests when altered conditions 
require it, is made familiar to us by the very various nests constructed 
by the house-sparrow, and this cannot be referred to an altered 
instinct, because these various nests are constructed at the same 
period by the same species. Mr Wallace also points out that his 
theory is capable of disproof, and challenges the experiment. ** No 
one," says he, ^^ has ever yet obtained the eggs of some bird which, 
builds an elaborate nest, hatched these eggs by steam or under a 
quite distinct parent, placed them afterwards in an extensive aviary 
or covered garden, where the situation and the materials of .a nest 
similar to that of the parent birds may be found, and then seen what 
kind of nest these birds would build.*' In a former Essay he writes 
he expects facts alone to be brought to disprove his theory, not d 
priori arguments against its probability. We sincerely trust some 
enthusiastic young naturalist will make the exp&rirMmJbwm, cmcia 
indicated, but in the meantime does not nature supply us with a 
fact? Why does not the cuckoo before laying her eggs construct an 
exact facsimile of the hedge-sparrow's nest in which she was reared? 
The author seems to forget that his own theory is positive, and the 
converse experiment is necessaiy to complete its proof, and a '<point 
which can be proved should not be assumed." It is true this might 
be allowed if instinct were a "totally unknown power," and un- 
reasoning imitation a thoroughly explained propensity. The author 
however does not absolutely deny the existence of instinct. Indeed ! 
he has defined and illustrated it. Instinct is therefore a vera cauaaj 
and unreasoning imitation is an unexplained phenomenon. Thus the 
question recurs; why do birds build a nest at all ) Why does not 
the imitative propensity come into play at once and always, instead of 
at the period exactly before parturition? How is it that a bird 
builds without assay or fiiilure! Why does she not build mimic 
nests as children construct grottoes and houses of cards? In man the 
inducement to build is personal and pressing. Sharp winds, drenching 
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rain, and soorcliing suns — to say nothing of unprotected property, and 
the person exposed to night attacks from enemies — are present evils 
which appeal to his reason for a prompt remedy. The feathered bird 
has no care for herself or the fragile egg she yet carries, unless she 
possess some faculty far other than those which prompt to purely 
imitative acts. If the author's theory be the true one, a bird must 
have the faculties necessary to correct imitation in far higher degi'ee 
than man. How many of us, though we have lived in houses all our 
lives, could construct a habitation, even though we had the materials 
ready to hand, which would keep out rain or not fall in less than a 
twelvemonth, if we did not consult a professional builder f This is 
not because of the complexity of the structure. A child taken from 
a hut of wattle and daub could not construct a like one unless he 
was shown how to do so; or if by returning and examining it and 
pulling it to pieces he should accomplish this feat, it would be by the 
exercise of the reasoning powers. It may be safely stated that man 
builds his habitation by imitation far more than the bird. If he had 
to examine his dwelling and think for himself how each part was 
consti-ucted and put together, the process would be laborious in the 
extreme; but, in fact, before he begins to build he not only looks on 
while other houses are built, but he is instructed how to put each 
part together. On the other hand, the bird has never seen its cradle 
woven. If it builds one like it, strictly speaking it is not an imita- 
tive act at all, but a series of deductive reasonings and constructive 
acts. Again, if the bird were bent on repeating a number of acts 
which it has never witnessed but only derived from a study of the 
results which lie around it, how could it distinguish which part of 
the structure it must supply and which part must be looked for 
ready made. The house-martin, unless it had a better estimate of 
the limits of its powers than yoang persons usually have, would begin 
to build the house before it placed the nest under the eaves. Why 
do not the American wren and purple martin, which are so constantly 
reared in the small cigar-boxes furnished by their kindly hosts, begin 
at the beginning, and frame, or endeavour to frame, the box first 9 
Under this supposition, the European stork woxdd become by this 
time an accomplished wheelwright, since it is the custom of farmers 
to place wheels in their outbuildings to lodge the nests of these 
birds. Of course these illustrations are extravagant, but they best 
exhibit the difficulty that according to this theory the bird has at 
the very outset of its undertaking to go through two processes of 
ratiocination, and determine first that the nest in which it was reared 
was made, and secondly that it can make one like it. The explana- 
tion of the above difficulties is to be found in the fact that man is 
prompted to build by reason, and builds as he does by imitation, 
while the birds build and are compelled to build by an impulse 
which is more akin to refiex action of the nervous system than to 
those acts which involve intelligence and will. We have some 
remnants of this strange impulse revealed to us by our own con- 
sciousness, and it is therefore not illogical to attribute the acts of 
animals which admit of no other explanation to this true cause. It 
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is singular that the province of instinct should be represented as so 
narrow and circumscribed by an advocate of the theory of natural 
selection; for the existence of habits, not based on any reasoning 
process, which nevertheless adapt their possessors admirably to 
existing, but not permanent, circumstances is one of the phenomena 
which are best explained by this theory. 

The next Essay is devoted to the proof of the law that when both 
sexes of birds are of strikingly gay and conspicuous colours, the nest 
is such as to conceal the sitting bird; while, whenever there is a 
marked contrast of colours, the male being gay and conspicuous, the 
female dull and obscure, the nest is open and the sitting bird exposed 
to view. Notwithstanding the numerous exceptions to this law, 
which are very candidly presented, its existence as a rule or general- 
ized truth must be admitted. Natural selection may operate in making 
the male bird conspicuous. It must, if it have any operation at all, 
tend to render the female who sits on an open nest inconspicuous. 
But we are brought by these considerations face to face with the 
problem of the beauty of organisms. The facts teach us that in the 
class Aves and the order Lepidoptera, — the two divisions which 
have most occupied the attention of the author, — ^there is a strong 
tendency, a nisua, towards the development of colours so varied, con- 
trasted, and arranged into patterns, as to create in us the pleasurable 
sensation whose exciting cause we call beauty. The colour, con- 
trasts, and patterns are so disconnected from the structures which lie 
beneath and so independent of the subjective vital functions, that 
they offer the best instances of beauty pure and simple {%. 6.), beauty 
severed from use or advantage. The fitness which natural selection 
spares, as a sculptor leaves the statue by clipping away the remainder 
of the block, can only relate to concealment and conspicuousness. 
All must agree with Mr Wallace that concealment is a sufficient ex- 
planation of the plainness of the otherwise unprotected female; but 
will the advantage of conspicuousness account for all the variety and 
beauty displayed in the males throughout the groups referred to? 
It must be constantly remembered that there is no place for beauty, 
except as it is connected with advantage of some kind, in the Dar- 
winian hypothesis. In order to account for beauty, the hypothesis of 
natural selection must be supplemented by that of sexual selection; 
and to this cause Mr Wallace confidently appeals in order to meet 
the Duke of Argyll's well-urged objections to the theory. Now, the 
theory of sexual selection of course is no part of the theory of natu- 
ral selection. It involves considerations quite different from it^ and 
it rests upon very imperfect and scanty information. The public is 
looking forward with keen interest to the further elucidation of this 
subject in Mr Darwin's promised work, but at present sexual selec- 
tion is hardly established as a vera causa. Assuming its exist- 
ence in the animal world it presents the following difficulties and 
anomalies : 

1. We should certainly have expected that the operation of 
sexual selection in producing beauty would be manifested in the sex 
that is sought and pm-sued rather than in the pursuers, but this is 



REVIEWS AND NOTICES OF BOOKS. 189 

quite the reverse of the fact. Not only among birds where the 
author's law may bufficiently account for it, but throughout the whole 
animal kingdom, beauty^ as estimated by the human aesthetic &culty, 
adheres to the male sex : — to the sex which chooses and not to the 
sex which yields. 

2. In the rude commerce of the sexes among animals as we 
observe it, it is probable that an excess of strength, speed, and that 
vigour which gives persistency in the male, would have completely 
dominated the superiority in grace and beauty which can only suc- 
ceed by commending itself to the fastidious taste of the female — the 
sex of whose passions it has been bitterly written, '^Nature made 
them blinder motions bounded in a shallower brain." 

3. If all beauty, so far as it is dissociated from advantage, is 
due to the modification which the aesthetic appetency imposes on the 
sexual passion, we must attribute to whole classes and orders of ani- 
mals, and especially to the females of their species, as high or even 
a higher aesthetic capacity than that which is possessed by the most 
refined and ciiltnred of the human race. If any one doubt this, let 
him go from the examination of a cabinet of butterflies or a case of 
humming-birds to gaze in the shop- windows where the latest fashions 
are exhibited in the most attractive form which the shopman can 
devisa 

4. Bj'this explanation of the appearance and retention of beau- 
tiful colours and patterns, the difficulty is shifted but not removed. 
To say that beauty exists because each sex appreciates beauty in the 
other, is to explain a mysterious entity in the physical part of the 
organism by calling in a more mysterious power in the mental phe- 
nomena which characterize a species. This is quite inadmissible in 
an advocate of ^ natuitd selection' in its fullest scope, because this 
ought to explain not only the form and structure of animals but also 
all their instincts, habits, and appetites. To show that birds are 
beautiful because they love beauty, and that they must appreciate 
beauty because otherwise it could not have been produced, is reason- 
ing in a circle. 

If the suggestion of some of these difficulties could induce Mr 
Wallace, who is so well provided for the enquiry, to study the rela- 
tion of beauty, and especially of colour, to use in organisms, it is 
certain that new light would be thrown upon this important and 
recondite subject. If, after the uses of colours have been made more 
apparent, and the nature of beauty resolved into elements more 
closely allied to advantage than we have hitherto supposed, there 
should yet remain evidence that it has been in itself an end which a 
Superior InteUigence may have placed before Him as an object, 
Mr Wallace has proved himself candid enough to admit such an in- 
ference. This is evident from the last two chapters of this volume, 
treating of natural selection as applied to man. It must have cost 
the author something to have written those chapters; because he was 
perfectly aware that if they were accepted, as they probably would 
be by a certain class of thinkers, they would be made use of as a 
lever to u|)set the whole theory of natural selection; and if they 
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were rejected, their inconsistency with the preceding part of the 
volume would be mercilessly exposed by Darwinians. M. E. Clapa- 
rhde has already headed the onslaught. No one can read these chap- 
ters in connection with those that come before them without feeling 
that the author, as a theorist, is involved in difficulties ; but the 
admirable clearness and originality of the views he presents will be 
acknowledged by all. We have no time or space to examine in 
detail the considerations by which he shows how when man became 
social and sympathetic, and the fabricator of his own clothes and 
tools and weapons, natural selection ceased to modify his physical 
structure. He concludes that man was a homogeneous race at a 
peiiod when he had the form but hardly the nature of man, when he 
possessed neither speech nor sympathetic or moral feeliogs. If such 
a being be called man, then man had a common origin ; if not, then a 
multiple one. To this conclusion it may be objected that unless in 
the primitive race there was something which necessitated a higher 
development, — something prophetic of a glorious future, — it is im- 
probable that all the several races of man should have progressed in 
so parallel a coarse that they should have arrived at the like powers 
and possessions which we now recognize as the commonwealth of 
man. When, reasoning concerning other races or species, we find 
that they all possess a number of qualities possessed by no other 
races or species, evolutionists inevitably arrive at the conclusion that 
all these sprang from a common ancestor toho possessed all these pecur 
liarities. Mr Wallace arrives at precisely the opposite conclusion, 
namely, that the common ancestor did not possess what was sub- 
sequently developed in all. To give consistency to this theory he 
advances in his last chapter some evidence of what we have spoken 
of above as the prophetic peculiarities of savage man. These are 
the superfluously vast brain, the skin naked along the midline of the 
back, the structure of the hands and feet, and the modulated voice. 
The full uses and capabilities of these are never fully evolved in 
savage life. They have therefore a prophetic function. Before we 
agree with M. Claparede that the chapters containing these words are 
the product of a blind anti-Darwinian, while the others proceed from 
an audacious Darwinian, we must call to mind that the theory of natu- 
ral selection only accounts for the conservation and not for the pro- 
duction of variation. Some more general and fundamental law may 
underlie and yet be quite consistent with it. If a number of facts 
point directly either to something inherent in each species which 
shapes itself towards a future end, or even to the controlling intelli- 
gence of a Creator consciously aiming at results, in place of the blind 
^ua^a-versal variation which is tacitly assumed by most evolutionists, 
the deduction may nevertheless be strictly scientific. 
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Lemons sv/r la Phydologie Comparee de la Respiration^ by Paul Bert, 
Professor of Physiology at the Sorbonne. 8vo. pp. 588. Baillidre, 
Paris, 1870. 

Paul Bert stands facile princeps among the younger physiologists 
of France. Within a few years he has done an amount of work 
which many persons would deem sufficient for a life-time. Happily 
the structures which he has reared around him with such surprising 
swiftness have nothing of a mushroom character about them. They 
have been firmly built and will endure. The work before us is Pro- 
fessor Bert's last and greatest effort. It is certainly a somewhat pon^ 
derous tome, but its size is not due to dilution; it on the contrary 
results from the grouping together of a prodigious number of &ct9. 
These have not been hurriedly huddled together, but have been intro- 
duced and displayed with the matchless skill for which our French 
brethren enjoy so well-deserved a reputation. 

The work is not only an agreeable and comprehensive r^um^ of 
what is already known r^arding respiration, but it abounds with 
original observations which entitle its author to the greatest respect. 
The book displays much learning. In no other treatise on the respi- 
ration with which we are acquainted is the bibliography of the subject 
so fully given. It would have afforded us much pleasure to have 
furnished the English reader with a lengthened abstract of the original 
research contained in these lectures ; but this is unnecessary, seeing 
that a full report of it from the pen of Dr Broadbent has already 
appeared in the Brit. <md For. Med. Chirurg. Bev. for Oct. 1870. 
We most cordially recommend Dr Bert's book to the attention of 
every physiologist. 



Mamial of Htmumi and Comparative Histology^ edited by S. 
Stricker, translated for the Sydenham Society by Henry Power, 
M.B. Lond., F.R.C.S. We are extremely glad that the contents 
of Professor Strieker's well-known and valuable work have been thus 
quickly placed within the reach of English readers by so competent 
a person. The remaining part will, we believe, shortly appear in the 
German, and Mr Power, we may be sure, will lose no time in com- 
pleting the translation. 



An Introdiiction to the Osteology of the Mwmmwdia^ by W. H. 
Flower, F.R.S., Hunterian Professor of Comparative Anatomy and 
Physiology, and Conservator of the Museum of the Boyal College 
of Surgeons of England, being the substance of the Course of Lec- 
tui*es delivered at the College in 1870, 8vo. pp. 344, Macmillan k Co., 
reaches us as this sheet is passing to press. We can therefore only 
say that Prof. Flower's great, perhaps unrivalled, knowledge of 
Mammalian Osteology is a sufficient guarantee for the excellence and 
accuracy of the work. 



REPORT ON THE PROGRESS OF ANATOMY. 

By PfiOFESSOR TlJBNEB^ 

Osteology. — Wenzel Gruber, after giving an account ( Virchoto's 
Archiv, L. 113) of previously recorded cases, of congenital su^ 
DIVISION OP THE PARIETAL BONE by a transverse or oblique suture, 
relates one in which the right parietal, in a youth, was divided by a 
fissure, which extended from the antero-superior angle obliquely 
backwards and downwards through the lambdoidal suture into the 

right half of the interparietal part of the occipital bone. At 

p. 124 he describes a female skull in which both parietal foramina 
WERE UNUSUALLY LARGE, and a male skull with an abnormally large 
right parietal foramen. At p. 233 he describes a skull in which the 
STYLOID PROCESSES OF THE TEMPORAL BONES were each three inches 

long. In LI. p. 137, Th. Simon describes a male cranium where 

the parietal foramina were greatly enlarged, and on p. 140, Liicke 
remarks on the practical bearings of abnormally long and bent 

styloid processes of the temporal bones. Gruber also records in 

Meichert cmd Dubois Reymowffs Archiv, 1870, p. 197, additional cases 
(Report^ IV. 151) of persistence of the styloid process of the 
THIRD METACARPAL AS AN EPIPHYSIS, and he figures a hand in which 
a ninth supernumerary carpal bone represented the persistent epi- 
physis of the third metacarpal. In the same Arehiv, p. 112, Lud- 

wig Stieda points out that the presence of a processus marginalis 
on the posterior margin of the malar bone, which Luschka described 
a year ago {Report^ iv. 150), was known to Sommering, after whom 

he suggests it should be named Processus Sommeringii. Julius 

Wolff (Virchow^a Arehiv, l. 389) enquires into the internal archi- 
tecture OF THE bones with especial reference to the question of 

growth. C. Kutschin contributes a paper (Untersuch. aus devn 

Inst, m Graz, 1870) on the development of bone. M. Frankel 

( Virchov^8 Arehiv, L. 145), gives an account of a memoir by Wyman 
\Proc. Boston Soc. Nat, Hist, ix.) on synostosis of the cranium, 
and records some cases observed by himself of irregularities in the 

condition of the cranial sutures. J. Cleland's memoir on the 

VARIATIONS of THE HUMAN SKULL, an abstract of which in P. R. S. L. 
was referred to in Report, iv. 151, has now appeared in extenso in 
FhU, Trans. 1869. The memoir is of considerable importance in 

connection with the methods of craniological enquiry. ^W. K. 

Parker's memoir on the Structure and Development of the skull 
OF THE COMMON FowL is also printed in extenso in the same Yol. of 

the Rhil. Trans, A memoir by R. Virchow on the crania at 

Kopenhagen of the old Norse people is in Arehiv fur Anthropologic. 

*■ To assist m makmg this Beport more complete, Professor Turner will be 
glad to receive separate copies of original memoirs and other contributions to 
Anatomy. 
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MuscuLAB System. — Hubert von Luschka describes and gives a 
drawing {Reichert u. du Boia HeyinoncTs Archiv, 227, 1870) of a small 
muscle, which he calls M. pubo-transversalis. It arises from the 
horiz^mtal ramus of the os pubis, and ascends behind the fascia 
transversalis to end by delicate tendinous fibres in that structure^ 
above and to the inner side of the internal abdominal ring. It is 

not a constant muscle. J. Cazalis enquires into the Deyelopmeitt 

OF THE Muscular Fibres of the Diaphragm (Archives de Phya. 
p. 64, 1870). He concludes that the appearance of the fibres of this 
muscle is not posterior to their appearance in those muscles previously 
known to be amongst the first to develope. Secondly, the develop- 
ment of these fibres at the time of birth is more advanced than that 
of the fibres of animal life, and points out the importance of this in 
connection with the regular and immediate performance of the func- 
tions of the diaphragm in the new- bom child. The memoir by 
John Wood on Varieties of the Muscles of the Neck, Shoulder 
AND Chest, an abstract of which in P. R, S, L, was referred to in 
Report^ lY. p. 154, is now printed in extenao in Phil. Trans, 1870. 

Vascular System. — Wenzel Gruber records {Reichert u. du Bois 
Rei/mand's Arcfdv^ 1870) cases of Irreoularities in the Radial 
Artery. In the right arm of a man the radial artery had threjB 
roots, a long upper derived from the axillary, a middle from the deep 
median artery, a lower from the anterior interosseous artery. In the 
right arm of a youth he found the radial artery rudimentary, reach- 
ing only to the middle of the fore-arm. The interosseous artery 
again was very large, and from its anterior branch arteries arose 
which in part supplied the place of the deficient radial. The ulnar 
also large, formed both the superficial and deep palmar arches, and 
jsupplied all the digits. In BuU, de VAcad. des Sc. de St Petersb, he 
describes cases where the radial artery lay in the lower third of the 
fore-arm on its dorsal aspect before reaching the carpo-metacarpal 
region : also a case, where the ulnar artery having a high origin was 
.united by a short vessel to the brachial at the bend of the elbow. 

The structure of the Walls of the smaller Blood-vessels is. 

now being carefully investigated in consequence of the attention 
which the theory of Addison, Waller, and Cohnheim, as to their 
perfoi-ation by the blood-corpuscles is receiving. Both in the Monthly 
a/nd Quarterly Microscopical Journals, Oct., is a reprint of a rep(.)rt by 
J. J. Woodward on the histology of the vascular walls : he particularly 
describes the so-called stomata in them, which he finds to be largest 
And best mai'ked in veins ^th inch in diameter, or even larger; they 
are comparatively infrequent in capillaries, and still more so in the 
small arteries. In figure they are round, oval, or oblong : they range 
from xij^th to i^^ixnf^^ ^^^^ ^ diameter, and are almost invariably 
found in the marginal line between the epithelial cells. The author 
is inclined to think that they are actual openings in the epithelial 
layer. He has seen the passage of white corpuscles through the 
vascular walls. K. Caton describes the method of studying trans- 
parent vascular tissues in living animals (Quart Mic.Journ, Julyi 
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1870). He has examined frogs, toads, fish, tadpoles, newts, and 
mice. Like Strieker, Cohnheim and others, he has used a suhcuta- 
neous injection of curare, but finds that a solution of 4 gi's. of chloral 
to a drachm of water answers the purpose of rendering the animal 

still under the microscope. S. Strieker and J. Burden Sanderson 

write a joint memoir on a new method of studying the capillary 
circulation in mammals {Qv/o/rt, Mic, Jowm. Oct. 1870): they chlo- 
ralize a guinea-pig, open the abdominal cavity, and examine the 
omentum laid out in a glass dish, and floated in a warm bath which 

contains common salt in solution. Victor von Ebner describes 

( Untersuch, atta dem Phys. Inst m Gh'cus, 1870) the STRtrcTUEB OP the 
Wall of the Aorta, more especially its muscular coat. 

Nervous Ststeh. — Several papers on the Peripheral Termina- 
tion OF Nerves have recently appeared. W. Krause investigates 
the ending of nerves in smooth muscles j and selects the m. recto-coccy- 
geus io the rabbit {Reichert u, du Bois EeymoncPs Archiv, April, 
1870). He describes a medulla ted nerve-fibre becoming coutiiiuous 
with one or several pale nerve-fibres, which last have mostly a dicho- 
tomous subdivision. These pale fibres end in connexion with three 
or four oval nuclei with homogeneous pellucid contents — the special 
end-organ — ^which can be distinguished from the elongated nuclei of 
the muscular fibre and from the nuclei of the capillaries. In the 
striped muscles each fibre has its own special end-organ, in the non- 
Nriped hundreds of muscle-spindles are dependent on one terminal 

n^rve-organ. A. H^nocque {Archives de Fhys., May, 1870) also 

squires into the same subject, and selects especially the muscular wall 
of the bladder for observation. He finds a nervous plexus situated 
in the connective tissue which surrounds and separates the muscular 
fiisciculi, and a more delicate plexus in the interior even of the fiisci^ 
cuius. The terminal fibrils from this latter plexus subdivide dicho- 
tomously where they anastomose, and end in a minute knob or swell- 
ing, which is situated frequently near to the nucleus of the smooth 

fibre, or at the surface of the fibre, or between adjacent fibres. 

W. Krause also examines the endings of nerves in glands (M, u. du 
Bois Reymond^s Archiv, April, 1870), especially the salivary. His 
observations are made with especial reference to the determination 
of their connection with the secreting cells of the glands, which 
Ffliiger and others have described. He has not been able to satisfy 
himself that the so-called secretory end -bodies exist within the acini, 
and has not therefore been able to confirm Pfliiger's obsei*vation8. In 
the same Archiv, p. 238, Ihlder of Crottingen describes the termina- 
tion of the n/erves in the tongues of birds. In the papillae terminal 
bodies, which he names ' Tast-Kolben,' exist, ellipsoidal or cylindrical 
in form, with rounded ends ; composed externally of a sheath of con- 
nective tissue, on the inner wall of which nuclei are arranged trans- 
versely. In the axis of each body a pale nerve-fibre lies which ends 

in a well-defined swelling. Hans y. Wyss investigates the goblet 

shaped orgcms of the tongue (SchuUze^s Archivy 1870, p. 237). He 
examines these structures in man and several other mammals. In 
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man he recognises them in great numbers on the lateral surfaces of 
the ])apill8e circumvallatse, where thej are arranged in d to 6 super- 
imposed rows. Thej consist of two elements, investing or covering 
cells, and bacillary or sensory cells. The covering cells consist of 
several layers and are so arranged that they enclose a space of a 
goblet shape, their peripheral ends permit and surround a small 
aperture, whilst their central ends sink into the fibrous substance of 
the papilla. The bacillary cells occupy the space enclosed by the 
covering cells : they are elongated and somewhat spindle-shaped, and 
vary in number with the size of the goblet. The peripheral end is 
frequently veiy elongated, and may even project through the aper- 
ture surrounded by the peripheral ends of the covering cells : the 
middle portion of the spindle contains a large nucleus surrounded by 
a little protoplasm : the central end of the spindle is oflen irregularly 
bent, and it is possible may be connected with the minute terminal 
nerve-fibres. Wyss has not seen these goblet-shaped bodies on the 
papillae fungiformes of the human tongue. He then describes their 
arrangement in the ox, sheep, pig, hoi*se, hedgehog, rabbit, rat, and 
squirrel, and concludes that they have a special relation to the nerves 
of taste, and are peripheral end-organs in connection with these 
nerves. F. E. Schulze describes, p. 407, tdste-orgcms of a some- 
what similar character in connection with the tongue of a Larval am- 
phibian, Pdohatea fu8cu8» 

Ey£-ball. — ^W. Krause eon tributes some observations on the 
Anterior Epithelium op the Cornea {Beichert u. du Boia ReymondPa 
Archiv, July, 1870). He refers especially to the deepest layer of 
cylindrical epithelium on the anterior sui^e of the cornea, which 
contain very granular bodies, which when isolated possess no trace 

of an investing membrane. B. Wende gives in April number 

of the same Archiv a short paper on the Ciliary Muscle. J. W. 

Hulke describes (Qiiart Mic. Jowm.^ October, 1870) the minute ana- 
tomy of those parts of the eye-ball which are connected with accom- 
modation. G-. Schwalbe has now completed his account of the 

Lymph-spaces in the Eyeball {SchvMze's Archiv^ 1870, pp. 1. 261). 

Glands — R. Heidenhain investigates the structure of the Peptic 
Glands in the gastric mucous membrane (SchuUze^s Archiv, 1870, 
368). In addition to the cylindrical epithelium at the entrance to the 
glands, he distinguishes within the gland two kinds of cells, one not 
coloured by carmine, very numerous in the body of the gland, and 
also seen in its neck, which he calls the principal cells (Haupt-zellen), 
the other coloured by carmine and almost always placed outside the 
first-named, which he calls Beleg-zdlen. Although variations may 
take place in the number of Beleg-zellen, yet the general principle of 
the structure is everywhere the same, an inner formation of Haupt- 
zeUen and an outer formation of Bdeg-zeUen is repeated everywhere. 
Heidenhain makes no reference to the observations of the late Dr 
Brinton (Article Stomach in Cyclop, of Anaiomy, also in Med. Chir, 
Mev^ July, 1862), in which that observer points out, that the dimor- 
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phous structure of the secreting glands of the stomach occurs not 
only in the dog, as Kolliker indeed first described, but is a character 
which extends without exception throughout the vertebrate class. 

In a memoir on the Structure of the Human Liver (Month, 
Micros, Joum,y Aug. 1870), H. D. Schmidt states that the hepatic 
veins with their nerves and lymphatics possess a capsule of connec- 
tive tissue, which differs only from Glisson's capsule in being less 
strongly developed; this capsule receives small branches from the 
hepatic artery. He describes the finest branches of the lymphatic 
vessels in the liver as arising, like those of the hepatic duct, from a 
network of ** biliary tubules" by which term he means a capillary 
network, independent of the blood-capillaries, which exists in the 
parenchyma of the liver. Although he does not refer to previous 
observations, it is evident that his " biliary tubules " are the minute 
bile-passages which Hering, Eberth, and Kolliker have also in^ 
jected (see Vol. ii. of this Journal). He believes that the passage 
of an injection from the hepatic duct through the biliary tubules 
into the lymphatics, which he has several times observed, is not the 
result of extravasation, but of a true continuity of one set of tubes 

with the other. Silver Amado in a note on an obscure point in 

the Histology op the Thyroid Gland {Rohiri! a Journal, 1870, 244), 
describes various prismatic crystals which he has met with in this 
gland ; which crystals are isomorphous with creatine. The Reporter 
tnay take this opportunity of stating that in 1860 {Trans. Roy. Soc, 
Edinh.) he found a number of three-sided prismatic crystals, soluble 
in acetic acid without effervescence, lying in the connective tissue 
between the lobules of the thymus gland of the Nylghau {AntUope 
picta). 

Malformations. — ^Reference is made in Virchow^s Archiv, l. 296, 
297, to a case of Triplicitas monstrosa inferior, and one of Dupli- 
CITA8 MONSTROSA SUPERIOR; and on p. 303, a monstrosity in the Goat: 

AcARDiACUs Acephalus bipes. In Vol. IV. of this Journal^ pj». 

89, 200, John Chiene and John Cleland have described cases of a 
Supernumerary Lobe to the Right Lung. Wenzel Gruber has 
also recorded two similar cases (Bidl. de VAcad. Imp. des Sc. de St. 
2*eter8h., 5 April, 1870). In both the additional lobe was derived 
from the upper lobe of the lung, by the presence of a vertical fissui e 

in which the vena azygos was placed. In Virchow^s Archiv, L. 633, 

Ponfick describes a case of congenital atrophy of the right lung, 
where the right bronchus was developed, but the right half of the 
thorax was filled with a reddish-yellow gelatinous tissue. In the 
midst of this tissue was an ovoid body, 5 lines long, 3^ broad, and 
2J thick, with which the right bronchus was connected. 

Embryology. — M. Balbiani communicates (Ann. des Sc. Nat., 
XIV.) the first part of a memoir on the Generation of Aphides. 

C. Ritsema describes the Origin and Development of Peri- 

phyllus Testudo: translated mAnn. of Nat^ Hist, July, 1870. • 
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A. Golubew contributes a paper {UrUeraibch. atta dem Phys, Inst in 

Graz, 1870) on the Development op the Batrachia. Anton 

Dohm describes his researches {Siebold u, Kolliker^s ZeUach., 1870) 

on the Structure and Development op the Arthropoda. 

A. Schneider investigates the Development op Aurelia aurita 
{Schultze's Archiv, 1870, 237). 



Comparative Anatomy and Morphology. — J. E. Gray criticizes 
(Ann. Nat Hist Sept. 1870) the descriptions of the Genus Bal-^ena 
given by MM. Beneden and Gervais in the Osteographie des Cetaces. 

In the October number of the Annals the same author figures 

and gives a brief description of the skeleton of Dioplodon sechel- 

lensis. W, H. Flower (Proc, ZooL Soc. Dec. 9, 1869) describes 

a specimen of Bal^noptera musculus beached at Langston harbour 
in November 1869, and gives notes on the skeletons of the same 
species of whale stranded at Margate, Falmouth (the skeleton of 
which is in the Alexandra Park), and Black Gang Chine. The main 
differences between these three skeletons, besides size, are in the 
' extent of the development of the lower transverse process of the 6th 
cervical vertebra, in the presence or absence of a capitular process to 
the 1st rib, and in the development of the 15th rib. These prove how 
large an amount of variation, quite independently of age, may exist 
in different individual cetacea which may in all probability be assigned 

to the same species. P. J. van Beneden in an interesting lecture 

(Bulletins de PA cad. Roy. de Bdgiquey No. 12, 1869), entitled CoM- 
mensalism in the Animal Kingdom, discusses the association with 
each other of certain animals. He distinguiuhes between parasitism 
and commensalisTn. A parasite is that which feeds on another, an 
associate (commensal) is simply a table-companion which attaches 
itself to another and larger animal in order to obtain food. Com- 
mensals may be either free or fixed, the former are the most numerous. 
The cirripeds attached to the cetacea are good examples of the fixed. 
In the same Pidletin^, No. 4, 1870, he catalogues the Com- 
mensals AND Parasites of the Cetacea. Balcena mysticetus with 
Cyamus ceti and Echinorhynchus mysticeti. B. hiscayensis with 
Cyamus biscayensis and Coronula biscayenais. B. austraXis with 
Coronula balsenaris, Tubicinella trachealia, Cyamus erraticus, Odon- 
tobius ceti, Pirolina ceti, Acarus balaenarum. B. japonica with Dia- 
deraa japonica. Megaptera hoops with Diadema balaenaris, Concho- 
derma auritum. M. lalandii with the same. M. Novce Zelandiae 
with Diadema .... M. antarctica with Diadema califoruica. 
Balcenoptera rostrata with Echinorhynchus porrigens, Distoma goliatb, 
Filaria crassicauda. B. mtisculus with. Penella balaenopterje, Echino- 
rhynchus . . ., Monostomum plicatum. B. sibbaldii with Echino- 
rhynchus brevicollis. Physeter macrocephalus with Conchoderraa 
cuiverii, oniscus, and cysticercus. Hyperoodon butzkopf with Penella 
crassicornis, Conchoderma cuvierii, Cyamus thompsoni, Echino- 
rhynchus turbinella, Monostomum delphini. Micropteron sowerbiensis 
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\eitli Monostomum delphini. Dioplodon europceus with Conchodemui 
cuvierii. Platanista gangetica with Ascaris delphini. Ddphinus 
delphis with Lemeonema nodicomis, Echinorhynchus pellncidns, Phyl- 
lobothrium delphiui. D. amazonicua with Peritrachelius insignia. 
D. rostratus with Tetrabothrium triangulare. J), tacuscki with Dis- 
tomum lancoa. Lagenorht/nchua eschrichtn with monostoma. Phoccena 
communis with Ascaris simplex, Strongylus inflexus, S. minor, S. con- 
volutns, Filaria inflexicaudata. P, compreasicaitdata with Cysti- 
cercus. . . . Globiceps melas with Cirolana globicipitis, Xenobalanus 
globicipitis, Conchoderma cuvierii, Cyamus globicipitis. Bduga lefocas 
with Strongyhis pallasii. MoTiodon monoceros with Cyamus mono- 
dontis and nodosus and with Strongylus alatus. 

W. H. Flower describes in Proc, Zool Soc. Nov. 11, 1869, the 
Anatomy of Proteles cristatus. Though still inclined to place 
Proteles in a family by itself, allied to both HyaenidaB and Viverridae, 
the examination of this specimen showed that its affinities with the 
former family are closer than the examination of the skull alone had 

previously led him to suppose. G. Gulliver gives an account 

(Proc. Zool. Soc. Feb. 10, 1870) of the Red Blood-corpuscles ii% 
moschus, tragrdus, orycteropuSy ailurus. Tragulua has the smallest 
blood-corpuscles amongst mammals. In T, javanica and T. me- 
minna the average diameter is t^^^ of inch and the extreme sizes 
Tjixjxs 8,nd ^^(f of inch: in T. atardeyanus the average is TTFfcnr ^^ 
inch. In Moachua moachif&nia the average is jij^ extremes from 
97^ to in^7. In Orycteropua capenaia average 7^^, the extremes 
being one-third smaller and one-third larger than average. These cor- 
puscles are amongst the largest known in the mammalia. In AUvrua 
JftUgena the average is utVt o^ inch. These observations the author con- 
siders support his view, that amongst the mammalia the smallest 
blood-disks occur in the small species of an order or ^mily, the 

largest blood-disks in the large species of that order or family. 

Jas. Murie describes {Proc. Zool. Soc. Jan. 27, 1870) a Larval 
(EsTRUS FOUND IN THE HIPPOPOTAMUS, and ou Jan. 13, 1870, he 
communicates additional memoranda as to Irregularity in the 
GROWTH OF Salmon. He considers that he has collected evidence 
which substantiates the view that the Sedmo acUa/r can live for a series 
of years in fresh water without access to the sea, and that a very 
appreciable arrest of growth is the consequence where retention to a 

limited area of water obtains. E. Ray Lankester and St Greorge 

Mivart have been discussing (Annala Nat. Hiat. July, August, Oct. 
1870) the use of the term Homology. Lankester proposes to aban- 
don the old term Homology and to substitute for it two new 
terms, Homogeny and Homoplasy. By homogeny he means struc- 
tures which are genetically related in so far as they have a single 
representative in a common ancestor; and as examples of this re- 
lation he gives, so far as their most general structure is concerned, 
the fore-limbs of mammalia, sauropsida, batrachia and fishes. By 
humoplasy he includes all cases of close resemblance of form whidi 
are not traceable to homogeny, all details of agreement not homo- 
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geneous, in struotures which are broadly homogeneous, as well as 
in structures having no genetic afi&nity. Mivart, whilst acknow- 
ledging the usefulness of the terms proposed by Lankester, yet 
considers that it is not possible always to discriminate between 
homogeny and homoplasy, and that the term homology ought still to 
be retained and used in the sense given to it by Owen, viz. to ex« 
press a close resemblance of parts as regards their relation to sur- 
rounding parts, to whatever cause that resemblance may be due^ 
whether genetic or otherwise. He suggests the term Actinology to 
denote that kind of homological relation which exists between the 
successive segments, regions, or divisions of a part or organ. ■ 
Carl Gegenbaur (Jenaische Zeitsch, v. 397) continues his researches 
into the constitution of the Limbs in the Yertebbata, and of the 
HiMD-LiHBS OF THE Selachia. The first section is devoted to the 
hind-limbs of the Selachia, the different modifications of the skeleton 
in sharks and ravs, and the parts in the different genera which cor- 
respond with each other. In the 2nd section the fore- and hind- 
limbs are compared with each other, and an attempt is made to 
show what is the fundamental basis-form of each extremity. In the 
3rd section he describes the amount of variation met with in the 
skeleton of the limbs in the Selachia. In the 4th section he pro* 
ceeds to show how the skeletons of the limbs of the other vertebrates 
are reducible from the archetype which he has arrived at £rom the 
consideration of the Selachian Hmbs. 

I. Archipterygium with an inconstant number of radii. 

(Polyactinic form.) 

1. Shaft and ludii dissimilarly differentiated. 

a, h. 

unaltered, altered, 

^^^* through fusion of radii, and separated through detach- 
hind-limbs of GhimcBra, ment and through connexion 

of radii with the limb-girdle. 
Ghimasra (fore-limbs), /Se/oc^ia, 
With peripherical reduction. 
Gcmoids, Tdeosteana. 

2. Shaft and radii similarly differentiated. 

Ichtkyosaii/rus, 
II. Archipterygium with a constant number of radii. 

(Tetractinic form.) 
Transverse differentiation into individual constant segments. 

1. Hexameric fundamental 2. Decameric fundamental 

form of Carpus and Tarsus. form of Carpus and Tarsus. 

PlesioscmnM, Amphibia^ EeptUes, Birds^ 

MmnmaJs, 
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^e last section is devoted to the consideration of the clappers 
in the male Selachia and Chimsera, and reasons are giyen for regard- 
ing them as homolognes of the hind- limbs of other vertebrates.^— 
Gustav. Fritsch communicates {Rdchert u, du Bois Eeymond^s Archiv, 
Feb. 1870) a long memoir with many illustrations on the Heart 
IN THE Amphibia. He describes the external form and position of 
tVe heart and its subdivisions, the arrangement of the great vessels, 
their development from the vascular arches of the embryo, the in- 
ternal structure of the heart, and the function of the various parts. 

* ^A. KoUiker shows ( Verhand. der phya. med. geseUsch, zu Wurz- 

hurg, Feb. 5, 1870) that Sexual Reproduction occurs in some species 
of Yirgularia and Pennatula, not in the zooids which are provided 
with tentacula, and which otherwise seem to be mature, but in zooids 
not provided with tentacles, and situated lower down on the parent 
stem. The sexual products in the lowest polypes are small and 
feebly developed, higher up they are more mature. Three kinds of 
polypes are therefore seen on the parent stem : 1st, feebly developed 
with tentacles: 2nd, undeveloped without tentacles, with sexual 
organs : 3rd, rudimentary without tentacles or sexual apparatus. The 
Sexual and nutrient polyps are therefore young and old. Part of the 
sexual are converted into nutrient polyps, all the nutritive were once 
sexual and undeveloped polyps: sexual reproduction did not com- 
tnence only when the parent stem was fully developed. On the 26th 
Feb. Kolliker described a new- Alcyonarian polyp, Pseudo-gorgia 
Godeffroyiy which forms a connecting link between the Gorgonidse, 
Alcyonidse and Pennatulidse. The specimen came from the gulf of 

St Vincentj Australia. G. Pouchet and Myevre contribute 

(RobirCs Journal, 1870, p. 285) a memoir on the Anatomy of Al- 
CYONARiA. R. Hartmann contributes to the Anatomy op Parasi- 
tic Crustacea {Eeichert u, du Boia Reymond^a Archiv, April, 1870). 
The species which he describes is the Bomolochus belones. 
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DR ERASERS REPORT. 

Physiological Action o/ Medicinal a/nd Poisonous Svhstcmces. 

Bromide of Sodium. — Following a suggestion advanced by 
M. Balard to the French Academy of. Sciences, M. E. Decaisne has 
made some experiments and observations with bromide of sodium as 
a substitute for the corresponding salt of potassium {Gomptus Eendv^, 
25 April, 1870, p. 947). He finds that it is a perfect substitute for 
bromide of potassium in the treatment of epilepsy, chorea, &c., over 
which it has the advantage of being more readily eliminated, and, 
therefore, more capable of being administered in large doses for a 
long period. A difference is pointed out in the action on the diges* 
tive system ; bromide of sodium frequently causing thirst and con- 
stipation, whereas bromide of [)otassium is apt to produce colic and 
diarrhoea. Decaisne believes that the action of the bromides depends 
on bromine. 

Sulphate OP Magnesia. — In order to determine the manner in 
which the purgative effects of sulphate of magnesia are produced, 
M. Armand Moreau (Archives Generales de Mededne, Aodt, 1870, 
p. 234) undertook a series of experiments, of which the most impor- 
tant consisted in placing some of this salt in contact with an exposed 
knuckle of intestine in a living animal. He observed that this 
nearly immediately produced an increased flow of liquid; and to 
this flow M. Moreau attributes the purgative effects. ^An explana- 
tion contrary to this has been advanced by Dr L. Radziejewski, who 
ascribes the action of purgatives to increased intestinal peristalsis 
(Zur physiologischen Wirkung der Abflihrmittel, Meicliert v/nd du 
Bois MeyrruyruTs Archiv, 1870, No. 1, p. 37). 

Alcohol. — ^We apprehend that, among the many recent investi- 
gations into the effects of alcohol, that of Professor Parkes and 
Count Cyprian "WoUowicz {Proceedings of the Royal Society^ No. 120, 
1870, p. 362) is destined to occupy a prominent position in the dis- 
cussion of the effects of this ageqt on the healthy human body. The 
researches were made on a soldier, twenty-eight years of age, selected 
mainly on account of his remarkably good physical condition, and 
superior intelligence. During a preliminary period of ten days ho 
lilKitained altogether from any alcoholic liquid; and as he was accus- 
tomed to smoke, it was considered proper to allow him half an ounce 
of tobacco daily, during the whole period of the observations. The 
plan pursued was as follows: "For twenty-six days the man re- 
mained on a diet precisely similar as to food and times of meals in 
every respect, except that for the first eight days he took only water 
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(in the sliape of coffee, tea, and simple water) ; for the next six days 
he added to this diet rectified spirit in such proportion, that he took, 
in divided quantities, on the first day one fluid ounce ( = 28*4 cub. 
centinis) of absolute alcohol; on the second day, two fluid ounces; 
on the third day, four ounces ; and on the fifth and sixth days, eight 
ounces on each day. He then returned to water for six days; and 
then for three days took on each day half a bottle ( = 12 ounces, or 
341 cub. centimes) of fine brandy, containing 48 per cent, of alcohoL 
Then for three days more he returned to water." The observations 
thus include five stages ; of water-drinking, of alcohol, of water, of 
bmndy, and finally of water. The quantities of alcohol given were 
never sufficient to produce any extreme symptoms of narcotism, as 
the object of the investigation was to examine the dietetic effede 
only. The results obtained were on the whole of a negative cha* 
racter, so far at least as any marked modification of the vital pro- 
cesses is concerned. Firstly, it was found that, other conditions 
remaining constant, alcohol had no important influence in modify-^ 
ing tueight. Secondly, one or two fluid ounces of absolute alcohol 
given in divided quantities in twenty-four hours served to increase 
the appetite; but four fluid ounces lessened it considerably, and 
larger quantities almost entirely destroyed it. Thirdly, neither pure 
alcohol nor brandy, in the quantities given, lessened the temperatti/re» 
Fourthly, judging by the evidence supplied by the characters of the 
pulse, the state of the cutaneous vessels, and the nature of the sphygr 
mographic tracings, the chief action of alcohol on the circtdatian in 
health is exerted on the ventricles of the heart and on the ca{Hl- 
laries. In the former, the rapidity with which the contractions are 
accomplished is greatly increased; and in the latter, the calibre is 
increased so that the blood flows moi'e freely through them. Fifthly, 
the amount of v/rinary tvater is somewhat increased. Sixthly, alco- 
hol, in the quantities mentioned, produces no effect of importance 
in altering the elimination of nitrogen by the kidnet/s in the healthy 
body, when the ingress of nitrogen is constant This conclusion is 
one of considerable importance, as previous obsei-vers have found that 
nitrogen is largely retained in the body when alcohol is given, 
thereby increasing assimilation, or, when food is deficient, saving tlie 
tissues from destruction. Seventhly, the influence of alcohol on the 
phosphoric Otddj chlorine^ and free acids of the wrine is inconsider- 
able. Eighthly, the iMrwms system was not shown to be affected bj 
any evidence of increased diminution in the amount of phosphorie 
acid, but there were marked subjective phenomena. Ninthly, the 
elimirbaJti^m of nitrogen by the howds was not lessened. Tenthly, the 
dvmiruUion of alcohol from, the body would appear to be a diower 
process than has generally been supposed. Thus, after twenty-nine 
fluid ounces of absolute alcohol had been taken in six days, the body 
had still traces of it on the sixth day after the alcohol was left o& 
The experiments, however, do not shew whether all the alcohol is 
eliminated, or whether some is destroyed in the body. 

Acetic Ether. — Dr H. C. Wood suggests that acetic ether 
should be employed as an anaesthetic {American Jowmal of the Medi- 
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cal Scieneesy July, 1870, p. 137). He bases Ids snggesiion on tlio 
faualitj with which it produces ansesthesia in the lower animals, and 
this with much less previous struggling than with sulphuric ether. 
Over the latter it has also the advantage of a higher boiling point, 
and a lower degree of volatility. 

Chloroform. — The effects of chloroform on the irritability of 
the sensitive stamens of Mahonia have been examined by M. Jour- 
dain {Comptus RendvSy 25 April, 1870, p. 948). One minute after 
the exposure to the vapour of chloroform, these stamens became 
strongly flexed backwards, as if in tetanus, and insensible to all 
excitation. The irritability returned after free access of air; imper- 
fectly in eight or ten minutes, but perfectly in from twenty-five to 
thirty minutes. When the exposure to chloroform extended over 
two or three minutes, the same effects were produced, only the re- 
turn to the normal sensitive condition was slower. An exposure of 
from ten to fifteen minutes resulted in the death of the whole flower. 

Brohal-htdrate. — Dr. E. Steinauer has been led to conclude 
from a series of experiments on animals, that hydrate of bromal is 
in the system converted, in the first place, into bromoform, and then 
into bromides {Virchow^s Archiv, July, 1870). He found that it is 
an active toxic substance, producing in small doses (a grain and a 
half for dogs) death, preceded by hypersemia of the nasal and oral 
mucous membranes, ansesthesia, and convulsions. (Our own experi- 
ments, lately performed, more or less coincide with those of Dr 
Steinauer, excepting that the hypersemic effects were even more 
marked. We invariably foimd that the smallest dose which could 
produce any impairment of sensibility in rabbits, likewise produced 
great dyspnoea and death; while the autopsy revealed an extreme 
degree of congestion of the lungs and respiratory passages. These 
effects may probably be explained by an impurity of the preparation, 
as it has recently been found that the more frequently hydrate of 
bromal is purified by recrystallization, the less apt is it to excite irri- 
tation of the respiratory organs). 

SuLPHOViNATES, their elimination and action. — Dr Babuteau has 
-gained a deseiTed reputation by his important investigations into the 
action of numerous inorganic substances. His recent examination of 
the sulphovinates in every way maintains his credit (Gcizette Hehdo^ 
madairey 10 June, 1870, p. 356). The sulphovinates are somewhat 
unstable substances, as they gradually decompose in water, repro- 
ducing alcohol and setting free sulphates. Dr Kabuteau made some 
experiments to determine if this decomposition occurs in the living 
organism. He administered salts of this class to various animals by 
injection into the veins and introduction into the stomach, and 
found that they were eliminated by the urine partially unchanged 
and partially in the form of sulphates. His experiments prove that 
sulphovinate of sodium is an inoffensive salt, and that when injected 
into the blood it is rapidly eliminated, producing, however, very 
decided constipation. This effect suggested that administration by 
the stomach would result in the production of catharsis, in conformity 
with the behaviour of purgative salts in general. A lai*ge number 
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of experiments were made on man, in d, state of health and of disease^ 
which confirmed his supposition, and demonstrated that in doses of 
from about one-quarter to three-quarters of an ounce sulphovinate of 
sodium is an efficient, mild, and rapid purgative, whose action is 
not accompanied with griping, nor followed by constipation. 

QuiNiA. — The existence of a centre in the brain that more or less 
controls the temperature of the body has been proved by many recent 
observations. It may also be assumed, as a result from experimental 
investigation, that at least in cei*taiQ conditions of the body several 
active substances, and notably qninia and alcohol, have the power of 
reducing abnormal elevations of temperature. By many pharmaco^ 
logists it is maintained that this action of quinia and alcohol is 
exerted through an influence on the moderating centre. In a recent 
paper. Professor Binz (Practitioner, July, 1870, p. 1) opposes this view, 
and maintains that the antipyretic action of quinia and alcohol is due 
to their influence in diminishing oxidation. In support of his asser- 
tion, an ingenious experiment is described, in which the influence of 
the moderating centre was removed in a dog by division of the spinal 
cord between the sixth and seventh cervical vertebrse, and then a 
large dose of quinia exhibited. The previous separation of the mode- 
rating centre of warmth from the whole body did not at all prevent 
the antipyretic action of quinia. By a similar method of research, it 
was shewn that the antipyretic action of alcohol is independent of an 
irritation of the moderating centre ^ 

Gelsemium Sempervibens. — Professor Bartholow has arrived at 
the following results from an examination of the physiological action 
of Gelsemium sempervirens (Practitioner, October, 1870, p. 200). 
1. It has a selective action on the nervous system. 2. li acts 
chiefly on the motor portion of the cord. 3. Its paralysing action 
is due to an influence on the motor centre, and not on the periphe- 
ral nerve-flbres. 4. It produces complete anaesthesia in cold-blooded 
tinimals by acting upon the sensory portion of the coixl ; but in 
warm-blooded animals this effect is toxic only, and foUows the para- 
lysis (partial ?) of the motor functions. 

Chloride of Oxethyl-strychnium. — In 1869, M. Strecker dis- 
covered anewderivativeof strychniacomposed of strychnia +(C*H*0)C1, 
to which he gave the name chloride of oxethyl-strychnine. At the 
suggestion of Professor Yierordt, M. E. Yaillant examined the action 

^ It will be observed that Dr Binz assumes it to be perfectly established that 
alcohol reduces the temperature of the body in pyrexia. This assumption is not 
in contradiction to the results mentioned above as obtained by Professor Parkes 
and Count Wollowicz. The observations of the latter had reference to th6 action 
on the healthy body only. A condition of pyrexia is dependent on increased oxi- 
dation of the tissues, and the researches of Binz go far to prove, if indeed they 
do not altogether do so, that the antipyretic action of alcohol is produced by the 
diminution of this increased oxidation. It is difficult to explain why the oppos- 
ing action of alcohol to oxidation is not sensibly manifested when moderate 
doses are given in health. Still, the evidence is most convincing that in pyrexia 
alcohol usually diminishes temperature. The production of this well-established 
effect legitimately demands an explanation, and this explanation must in the 
meantime be searched for apart from such distracting results of researches into 
ihe action of alcohol in healUi as have been obtained by Parkes and WoUowios. 
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df this substance, chiefij to determine if it produces effects similar to 
those of the methyl and ethyl derivatives of strychnia. His experi- 
ments appear to shew that it does so {JowmaX de VAnatomie et dela 
Fhysiologie, No. 3, 1870, p. 256), the most prominent symptom observed 
being paralysis, and this being dependent on a curara-like action. In 
addition, however, it was observed that a certain, though compara^ 
tively slight, degree of strychnia action was produced. (Regarding 
the latter, or spasmodic action, it may be almost positively asserted 
that its production was due to some unmodified strychnia. M. Vail- 
lant mentions that his preparation was obtained from Professor 
Strecker's laboratory, and was of absolute purity (une purete absolue). 
It is, however, necessary to remember, as has been already pointed 
out by Professor Crum Brown and myself, that a distinction must be 
drawn between chemical and physiological purity. What would be 
regarded as absolutely pure by a chemist, and would be so as far as 
chemical testing is concerned, may be found to be impure by the 
physiologist, and may be unfailingly demonstrated to be so by physio- 
logical testing.) 

Hyosciakia and Daturia. — An important investigation haa 
been published by MM. Oulmont and Laurent on the action of hyos- 
ciamia and daturia (Archives de Physiologie, Nos. 2 and 3, 1870), 
These alkaloids are shewn by their experiments to possess an action 
very similar to that of atropia, as previous researches had already 
demonstrated. The conclusions arrived at are : 1. Hyosciamia and 
daturia act especially on the sympathetic nerve-system. 2. In small 
doses they diminish the capillary circulation, and in large doses they 
cause a vascular paralysis. 3. The arterial tension is augmented by 
feeble doses, while it is diminished by poisonous doses. These effects 
are not modified by previous division of the pneumogastrics. 4. 
The number of the pulsations is increased and their amplitude dimi- 
nished. 5. Cardiac action is rendered regular by hyosciamia ; but 
daturia often causes intermissions of the heart's contractions. When 
directly applied to the surface of the heart, both alkaloids diminish 
the frequency of the contractions, and then completely arrest them. 
6. They always accelerate respiration. 7. Neither alkaloid exerts 
any primary action on the cerebro-spinal nervous system; still 
with poisonous doses the peripheral sensibility is blunted. 8. They 
do not influence the excitability of striped-muscles, nor modify their 
structure. 9. In feeble doses they accelerate the intestinal move- 
ments, and in large doses pai-alyse them. 10. The general symptoms 
may be referred to modifications of the circulation. They soon dis- 
appear, and the alkaloids themselves are rapidly eliminated from the 
system, chiefly with the urine. 11. The dilatation of the pupil 
which they produce is due to an excitation of the grand sympathetic; 
the third nerve is unconcerned in the production of mydriasis. 12. 
Small doses usually* cause a slight augmentation of temperature, 
while large doses diminish the internal temperature. 

Digitalis. — M. Lorain's work on the pulse {Etudes de Midedne 
Ctinique, Ac. (Le Fouls), 1870, pp. 327 — 356) contains an elaborate 
study of the action of digitalis, from which we content ourselvea with 
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abstracting the following short r^um6 of the effects of this remedy : 
Digitalis augments the force of the heart, and diminishes and regu- 
lates the b^ts when given in moderate doses. Too large doses 
disturb the cardiac action. — Some carefully-devised experiments have 
been made by M. M^gevand to determine the action of digitalis upon 
nutrition {Gazette HebdoTnadaire, 12 Aoiit, 1870, p. 500); and for 
this purpose its influence on the excretion of urea was chiefly exa- 
mined. It was found that digitaUn, and especiaUy digitalis, dimi- 
nish the urea to a marked extent; and that this diminution seems 
intimately related to a simultaneous slowing of the circulation, which 
was always caused. Another decided eflect observed was an increase 
in the quantity of the urine. 

Veratrum viride. — Dr Squarry {PractUianery Vol. iv. 1870, 
p. 211) has undertaken a number of ol)servations with the tincture 
of veratrum viride in order to test Oulmont's assertion, that this 
drug reduces the temperature of the body (see abstract of Oulmont's 
paper, Journal of AncUomy and Physiology ^ Vol. n. 1868, p. 424). 
He failed in confirming this assertion, although sufficiently large 
doses were given to reduce the pulse most markedly. 

Ergot. — ^It has been frequently shewn by experimental research 
that ergot contracts the minute arteries, and so increases blood- 
pressure. These points are elaborately confirmed in an investigation 
by Dr. Ch. L. Holmes {Archives de Fhysiologie, No. 3, 1870, p. 384), 
who examined the effects on the circulation of the aqueous extract, 
or egotin of Bonjean; in the first place, by observations on the ves- 
sels of the web and tongue of frogs, and subsequently by experiments 
on warm-blooded animals with the hsemadynamometer. From the 
data thus obtained it is concluded : 1st, that ergot contracts the 
minute vessels by an action on their muscular walls ; 2nd, that this 
contraction augments the blood-pressure in the large vessels; 3rd, 
that previous division of the vaso-motor nerves does not prevent the 
diminution in the calibre of the minute vessels ; and 4th, that this 
eflect is also produced in the vessels of the lungs, whereby a tempo- 
rary diminution in the pressure of the syternic arteries is produced. 
This last result is an interesting one. It at first appeared unexplain- 
able and contrary to expectation, and M. Holmes has devoted a con- 
siderable portion of his paper to its elucidation. He found that 
when a solution containing fifteen grains of the extract was injected 
into the jugular vein of a dog, the blood-pressure almost immediately 
/ell vnth great rapidity^ continued depre^ed for several seconds^ and 
then rose until it reached a level higher than it possessed before the 
injection. This rapid primary descent was the remarkable and unex- 
pected phenomenon. At first sight, it seemed explainable by the 
sudden contact of a foreign substance within the interior of the heart. 
Many ingenious experiments were made to confirm or disprove this 
supposition. Other substances, in themselves innocuous, as water 
and solution of carbonate of soda, were substituted for the solution of 
ergot, but their injection was not followed by sudden diminution of 
pressure. The injection of the ergot solution was then made inter a 
vessel at a distance &om the heart, wid experiments were also perr 
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formed in which the cardiao nerves were divided previously to the 
exhibition of ergot ; bat the descent of the pressure-curve still oo^ 
curred. It was then suseested that a contraction of the pulmonary 
veseels might explain ie phenomenon, such contractio/ impeding 
or even preventing the passage of blood into the lefb hearty and so 
diminishing the flow into the arteries and lowering their tension. 
M. Holmes adopts this as the true explanation, and cites in its sup- 
port the production of the same rapid diminution of pressure by the 
injection of powder of lycopodium, and by ligature of the portal vein 
and the inferior vena ccwa. 

Vaccinb-virus. — ^The analogies between vaccine-virus and ordi- 
nary ferments are occupying the attention of M. Melsens, who has 
lately succeeded in proving that the former substance resembles 
alcoholic ferment in being able to withstand the influence of an ex- 
tremely low temperature (Compttis RevuiuSy 4 Julliet, 1870, p. 73). 
Four sealed capillary tubes containing the virus were inclosed in a 
tube of thin glass, and this was inserted into a large tube flUed with 
solid carbonic acid. By adding to the latter, from time to time, fresh 
quantities of solid carbonic acid and refrigerated ether, a temperature 
of — 78^ cent, was maintained for an hour and a half The properties 
of the virus were then examined by inoculations in children, by 
Dr Jacobs of Brussels, and found to be unchanged. M. Melsens 
proposes to ascertain whether vaccine- virus resembles alcohol ferment 
in susceptibility of self-reproduction outside the body ; and we look 
forward with interest for the results of these experiments. 

Action op various principles derived from Bile. — ^MM. Feltz 
and Kitter conclude from a large series of experiments {Journal de 
rAruUomie et de Fhysiologie, No. 3, 1870, p. 315) that the salts of 
the biliary acids have an undoubtedly poisonous action, due to their 
power of dissolving the blood- corpuscles ; and that a similar action, 
though of less activity, is possessed by taurine, glycocol; choloidic acid, 
and dislysine. Very slight physiological effects were produced by 
bilirubine, and biliprasine. Cholesterine appeared to be physiologically 
inert, but still it was capable of causing disturbance to the system by 
being precipitated in the blood, and so producing embolisms. 

The action op Alkalies on the Body. — Many therapeutists, adopt- 
ing the teaching of Mialhe, maintain that alkalies are powerful oxi- 
dizing agents, which augment the excretion of urea and carbonic acid, 
and excite the circulation. If their action be such, they ought to prove 
valuable remedies in glycosuria and albuminaria, and indeed act as 
general tonics by improving the nutrition of the body. Experience 
has, however, shewn that this is not the case; but until recently we 
have had but a vague notion of the changes produced in the body 
by alkaline remedies. Some observations recently made by MM. 
Rabuteau and Constant (Compttis Rendua^ 18 Julliet, 1870, p. 231) 
supply us with definite facts regarding the action of these remedies, 
and harmonize in a remarkable manner the teachings of experience 
with those of scientific research. From careful observations made on 
themselves and on patients, these experimenters have found that 
bicarbonate of potash or soda invariably diminidies' the excretion of 
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urea (from 20 to 25 per cent.), reduces the rate of the pulsations, and 
lowers the temperature ; effects which prove that oxidation is dimin* 
ished and not increased. These results strictly accord with general 
experience. They likewise exj)lain how certain substances, such as 
acid fruits, act as refrigerants ; these fruits producing alkaline car- 
bonates in the system, which diminish the temperature by diminish- 
ing oxidation. 

The influence op section of the cervical Pneumooastrics 
UPON THE ACTION OP EifETics AND CATHARTICS. — An extended series 
of experiments has been performed by Professor Horatio C. Wood 
(American Jou/rn, of tlie Med, Sciences, July, 1870, p. 76) to solve 
the above problem. The solution he proposes may be briefly stated 
as follows: 1. In the majority of cases, division of the cervical 
pneumogastrics absolutely arrests free gastro-intestinal secretion, 
emetics and cathartics being powerless to produce it. 2. This arrest 
is not due to any direct influence which these nerves have upon 
the intestines or its circulation, but is owing to two or three other 
causes : accumulation of carbonic acid in the blood, interference with 
the circulation in the lungs causing congestion in the portal system, 
and possibly shock. 3. After division of these nerves the action of 
emetics and cathartics is completely prevented. 
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Nervous System, 

Cause op Convulsions. — Hermann and Escher (PJliiger's Arch, 
III. 1, reviewed by Rosenthal in Cen^ralblatty p. 421) find that if the 
vensB cava and azygos be tied, and those in the vertebral canal stop- 
ped between the 2nd and 3rd thoracic vertebrae, convulsions occur 
just as if the arteries were tied, and were preceded by weaker respi- 
ratory movements if the animal were flrst rendered apnoeic. The 
experiments were made on cats and did not succeed in rabbits. He is 
uncertain whether the convulsions are due to alteration of the brain- 
substance, or its irritation by products of decomposition in the blood, 
and thinks this is to be decided by {)assing a stream of some indif- 
ferent fluid through the vessels to remove these products. O. Nasse 
{Gentralblatt, 1870, p. 273) has performed experiments of this sort; 
passing a '65 per cent, solution of Na CI into the vessels of an intes? 
tine, he found that movements which had begun in it after stopping its 
supply of blood were arrested. On passing a similar solution upwards 
into the jabdominal aoi*ta with a pressure cf 120 mm. Hg, at the 
same time ligaturing the ascending aorta and opening the ventricle 
to avoid congestion, respiration continued for two minutes, but 
became slower and more superficial; in half a minute more reflex 
action was abolished, but there were no convulsions. He therefore 
concludes that the want of oxygen is no irritant to the nerve centres, 
and the eflects which anaemia of them produces are due to the unre- 
moved products of tissue change, especially CO,, and perhaps to it 
alone. As on increase in the amount of oxygen in the blood dimi- 
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nishes nervous excitability (in apnoea, Kosentlial and Leube) and a 
lessened one increases it, Nasse thinks with Hermann that when 
the O is diminished, an amount of CO^ which normally would have 
no effect, will act as an irritant, and produce the dyspnoea noticed by 
Pfliiger when O in the blood was diminished without the CO, being 
increased. 

Bosenthal thinks that this does not prove that the source of irri- 
tation is in the blood and not in the braiu'-substanoe, as automatic 
excitations are due to chenucal processes in the ganglionic cells, and 
the total deprivation of nourishment when blood is replaced by Na Ci 
rendei-s them incapable of action. 

Epilepsy. — Brown S^quard (Arch, de Physiologies ly. 516). In- 
complete section of the nates and cerebral peduncle of the right side 
produced spontaneous attacks of epilepsy, and these could again be 
excited by irritating the skin of the face and neck on the side oppo- 
site to the lesion, instead of the same side as when the fits were 
caused by section of the cord or the sciatic nerve. On laying bare 
the trunks of the nerves going to an epileptogene zone {Arch, 1869, 
p. 217), he found that the irritation of the wound caused the epilep- 
togene power immediately to disappear, so that irritation of the skin 
no longer produced a convulsion. 

In a guineapig, where one of the posterior columns of the cord 
was cut in the neck between the fii-st and second pair of nerves, the 
epileptogene power was developed in nerves on both sides of the lesion, 
that is in the skin supplied by the trigeminus above it and in the 
2ud, 3rd and 4th cervical pairs below it, the irritation being pro- 
bably transmitted from the wound to a part of the nervous centre, 
and thence reflected to the skin, to which it gave an epileptogene 
power. 

Cause op clonic Convulsions. — Nothnagel {Virchow*8 Archiv^ 
XLix. 267) thinks that the epileptiform convulsions whiph occur 
when a mammal is decapitated, and which again occur, though weaker, 
when a cut is afterwards made through the coi*d, are due to reflex 
action produced through the grey substance of the cord, as anaemia of 
the cord does not give rise to movement, and mechanical irritation 
has no effect on the anterior columns. When the central end of the 
divided sciatic nerve in a frog is irritated by an induced current 
shortly after decapitation, movements occur in the other leg only on 
the application and removal of the electrodes, the leg remaining quiet 
during the continuance of the stream j but when this was done 
24 hours after, clonic contractions occurred, shewing that continuous 
irritation of a periphercd nerve produces refiexly clonic contractions. . 
He explains the increased irritability after 24 hours, as well as the 
diminished sensibility of the skin shortly after division of the cord, 
by supposing that there are inhibitory centres in the cord whose irri- 
tability disappears sooner than that of the reflex centres. 

Inhibitory Nerves in Skin. — Fick and Erlenmeyer (Pfliiger* s 
Archiv, iii. 326) found that if an isolated nerve of the skin be irri- 
tated, or if the skin itself be strongly irritated by concentrated 
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mineral acids, tetanic contraction of single muscles was produced in- 
stead of the ordinary co-ordinate movements which usually follow 
irritation of the skin, Fick thinks that inhibitory fibres which pre- 
vent the irritation from acting on co-ordinate reflex centres proceed 
from the skin as well as exciting fibres, but the former are only 
brought into action by strong irritation of the skin or direct irrita- 
tion of the nerve itself. 

Non-irritability op the anterior columns op the Cord. — 
Huizinga {Pfliiger*8 Archiv, iii. 81) and Aladoff (BvM, de VAcad. de 
St Petersburg) under E. Cyon's direction, found that mechanical and 
electrical irritation of the anterior columns had no efiect unless the 
anterior roots were likewise irritated or the posterior columns and 
grey substance imperfectly removed. If any trace of the grey sub- 
stance remained, contractions were produced, and Aladoff therefore 
thinks it irritable though the anterior columns are not. 

On the warming op Nerves and Nerve-centres by irritation 
OP sensory and motor Nerves (SchifiT, Arch, de Physiologie^ lu. 
323; and iv. 451). 

Latent period op the Vagus. — Bonders (Froces-verbaal Ak 
V. Wetenschappen te Amsterdam, 1869-70, No. 2. CentrcUblatt, 408). 
— If the vagus of a rabbit be irritated by a shock from an induction 
coil, there is a latent period of '17 of a second, so that if the next 
heart-beat would naturally take place within this period it is not 
retarded. K the shock occurs earlier, retardation takes place, and 
increases quickly at first, and then slowly, till the time between the 
shock and that of the next natural beat would be '43 of a second, 
and then decreases till it is '53, which is equal to a heart period *36 
plus the latent period '17. Opening and shutting a constsmt stream 
has a similar but weaker action, and the latent period is *203. 
The action of ascending and descending currents corresponds with 
Pfluger's law. When a constant current is passed through the nerve 
and it is then irritated by an induced current, irritability is markedly 
diminished at the positive pole but not increased at the negative, 
and there is no action on the heart corresponding to Hitter's teta- 
nus in muscles. 

Relation op Tactile Power to the mobility op parts. — 
KoUenkamp and Ullrich (Zeitschri/t /, Biologie, vi. 37) at Vierordt's 
desire made experiments on the tactile sense in the arm, which con- 
firmed and extended in detail those of E. H. Weber. From these 
Vierordt deduces the law (Pflilger's Archiv, ii. 297, and Zeitsch,/. 
Biol, VL 53) that the delicacy of touch in a part of the skin is the 
product of two fSaictors; one variable, being proportional to its dis- 
tance from, a joint or amount of mobility when the joint is in action; 
and the other constant, being the tactile delicacy of the skin imme- 
diately over the axis of the joint itself. 

On Trophic Nerves. — Rolleston {Qua^'terly Journal of Science), 
p. 200. 

On the Nerves op Deglutition, — ^Waller and Prevost {Arch, 
de Physiologic, iii. 343). 
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On Electrotonus. — Goldzieher {Pfluger^a Arch. iv. p. 240). 

Rapidity op conduction in Motob Nerves op Man. — Place 
(Pfliiger's Arch, vii. 424). . 

Uar. 

Function op the semicircular Canals. — Goltz (FflUgeT^s ArcJi. 
1870, III. 172) repeated Flouren's experiments on the destruction of 
the semicircular canals in birds and rabbits, and Brown S^quard's on 
the section of the acoustic nerve in frogs, and obtained the same 
peculiar movements and loss of the power of balancing. He believes 
that the pressure of the endolymph on one side or other of the semi- 
circular canals, varying with each motion, enables the animal to judge 
of the position of its head, and that sight and muscular sense are 
insufficient for this purpose when the endolymph has escaped, and 
that the peculiar movements are caused by its efforts to get its head 
again properly balanced. The movements of the body are only 
secondary, the animal being unable from the position of its head to 
judge of its relation to surrounding objects. 

YlBRATJONS IN THE CoCHLEA AND MOVEMENTS OP THE AUDITORY 

Bones. — The absence of Coi-ti's rods in birds and amphibia led Hen- 
sen to suppose that the vibrations of different portions of the lamina 
spiralis corresponded to different tones. Helmholtz {Heidelberg. 
Bericht, v. 33) has investigated the possibility of different parts of 
such a membrane vibrating alone, and finds that they can if the 
longitudinal be very small compared with the transverse tension, and 
thus supports Hensen's hypothesis. Buck (Heidelh, Ber, v. 63), 
under Helmholtz's direction, found the vibrations of the auditory 
ossicles when the deepest tone of a syren was conducted into the 
ear were hardly visible and showed maxima at different pitches. 
The excursions were ^V* tVi^^i' The vibrations of the heads of 
the malleus and incus were parallel and nearly perpendicular to their 
axis of rotation, those of the stapes nearly perpendicular to its plane, 
but so that the whole stapes seemed raised. 

Circulation in the Ey^. — From experiments made in Bonders' 
laboratory Dobrowolsky (CentrcdblaU, p. 305) found that the slightest 
pressure on the bulb of the eye caused emptying followed by dilata- 
tions of the veins surrounding the entrance of the optic nerve ; and 
that their pulsation in the dog, though modified by all exertions, is 
essentially dependent on the pressure of the muscles of the eyes and 
eyelids, disappearing when these are divided or paralyzed, and has no 
connection with accommodation. Ordinary respiratory movements do 
not affect it, but the veins swell when these are impeded or stopped. 
In the human eye accommodation for near objects causes diminution, 
and for distant ones enlargement of the veins. The venous pulse 
differs from that in the dog; for while the latter lasts about six 
seconds, the former corresponds to the beats of the heart, the veins 
diminishing just before the radial artery expands. Bonders thinks 
this pulsation in man is due to the pressure on the veins being 
increased by the expansion of the arteries at each cardiac pulsation. 

14—2 
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Papers on Accommodation by Adamuk. — Centrcdblatt, 292, and 

Woinow, reviewed in Centralblatt, 478. On Movement op the 

Iris, by Engelhardt, Wiirzburg, Untersuch. iv. 296, see CerUralblatt^ 

478. On Intermittent Irritation op the Retina. Ffluger'a 

Arch. IV. 214. On Taste. Schiflf reviewed in GerUralhlatt^ 330. 

Vaacutofr System. 

First Tone op the Heart.— O. Bayer (Arch./, Heilk. 1820, 157) 
passed water under different pressures into the apex of the heart, and 
found that when the tension was suddenly increased the auriculo- 
ventricular valves produced a tone if the heart were healthy, but any 
insufficiency of the valves, whether due to alterations in them or the 
muRcular substance of the heart, invariably prevented it. He con- 
siders that this tone differs in its nature from the first tone of the 
heart, which he holds with Ludwig and Dogiel to be muscular. 

Action op Respiration on Circulation. — Hering and Horwath 
( Wi&n. SUz, Ber. Math. Nai. CL 2 Ab. i. 829) think the oscillations in 
arterial pressure noticed when an animal is curarized, and artificial 
i*espiration stopped, are due to oscillations in the innervation of the 
vaso-motor system which is not pai^lyzed by curara, and that they 
are co-ordinated with respiration (Mitb€wegung€9i,\ as they correspond 
with the traces of respiratory movements or twitches in limbs which 
occur when the animal is imperfectly curarized. They are independent 
of the heart, as they occurred when a ligature separated it from the 
vessels, or even when it was replaced by a small pumping apparatus. 

Circulation in Musci<e. — W. Sadler {J/udwig^s ArheUen, 1870). 
The rapidity of the circulation in muscles under different conditions 
was measured by the amount of blood which flowed in a given time 
from the vein coming from it. The muscles used were the flexor carpi 
(Handbeuger) and the biceps femoris^ The animals were narcotized 
with morphia or curara. In the nomikl muscle at rest the circulation 
is extremely slow, the amount of blood flowing from its vein being 
many times less than that from a skin-vein of similar size. When the 
nerve is divided no change is produced in the circulation in either 
muscle if the animal be narcotized with curara. If morphia be em- 
ployed it remains likewise unchanged in the flexor carpi, but is in- 
creased in the biceps. The cause of this he is as yet unable to decide. 
The results of tetanizing the nerve were the same in both muscles, but 
differed according to the narcotic. When morphia was used, irritation 
of the nerve, either intermittent or tetanic, generally produced an 
increase in the flow, which sometimes attained its maximum during the 
contraction of the muscle, sometimes not till after it had again relaxed, 
but in no case did the rapidity remain long the same, but constantly 
varied even when the muscle remained in a state of tetanus. The 
same was observed when the muscle was prevented from contracting 
while the nei*ve was irritated, thus showing that the quickened stream 
was a result of the dilatation of the arteries and not connected with 
any change in the form of the muscle. It^s difficult to explain these 
phenomena by the action of dilating and contracting vaso motor-nerves; 
it can be done much more easily by supposing that the muscular walls 
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of the vessels can be made to contract by the action of O on them, 
and this Ludwig prefers to do. This hypothesis is strengthened 
by the fact that when the animal was poisoned by curara — ^which, while 
paralyzing the motor, leaves the vascular nerves intact — ^irritation of 
the nerve produced no alteration in the blood-stream ; it remained on 
the whole unaltered so long as artificial respiration was well kept up. 
As soon as it was suspended, however, the rapidity of the stream 
increased, again becoming slower when respiration was renewed and 
the blood regained its arterial colour. A somewhat similar fact was 
observed in a detached muscle (not poisoned) through which an artifi- 
cial stream of blood was passed. During tetanus there was generally 
a diminution in the stream, after it an Id crease lasting for some time. 
The oftener that tetanus and rest alternate the slower becomes the 
stream, but it may be again greatly quickened by stopping the 
supply of blood for half an hour, and thus producing local suffocation 
of the muscle. The colour of the blood in the experiments with 
morphia is also noteworthy, as that which streams rapidly out after 
the tetanus is over is very dark, while that at the beginning of 
tetanus is often clear red like that in the vein of an iiTitated salivary 
gland. The author concludes that while this latter fact shows that 
the above-mentioned explanation is not universally applicable, the 
former tends to support it; and draws particular attention to the 
importance of the sluw stream in the muscle at rest, its being washed 
out with blood after each contraction, and the great consumption of 
O, for the tissue-change and temperature in muscle, and of the 
sudden alteration of the circulation in muscle for that going on in 
other vascular districts. 

Influence op Closure op the Carotid on the Circulation. — 
Nawalichin (CentralblcUty 483). In curarized animals (cats) with 
divided vagi and sympathetics, ligature of one carotid has comparatively 
little action on the circulation, but ligature of both causes a quickened 
pulse, and an increase in the blood pressure (60 per cent.) equal to that 
produced by compression of the aorta below the diaphragm, or irrita- 
tion of the spinal cord after division in the neck. This is probably 
due to irritation of the vaso-motor centres and consequent contraction 
of the arteries in the body, as it does not occur if the spinal cord be 
previously divided. 

Landois {Oentralblatt, 433) describes a gas sphygmoscope consist- 
ing of a shallow metal trough 6 centimetres long by 1 broad, and 
having a small pipe connected with each end. One of these is knee- 
shaped and ends in a point. Gas is passed through the apparatus 
and lighted at the point of the tube, and the variations in the size of 
the flame correspond to the beats of the pulse. 

Congestion after Ligature op Arteries. — ^Brown S^uard be* 
lieves {Arch, de Physiol, iv. 518) that the congestion observed in the 
kidney, spleen and part of the intestine, when the arteries supplying 
them are tied, is due to the destruction of the vaso-motor nerves 
running along the arterial walls, and consequent dilatation of the 
small vessels which they supply by a reflux of venous blood. In other 
organs where there is a certain amount of collateral circulation, 
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no reflux of blood takes place from the veiDS, but the supply from the 
arteries being diminished while the paralyzed arteries are larger than 
usual, it stagnates in them and becomes charged with CO,. This he 
thinks is the cause of convulsions noticed after ligature of one carotid 
trunk in man. 

On the Production op QSdema. — Hanyier (ComptBend.,lS69) 
finds that obstruction to venous circulation is not sufficient to pro- 
duce OBdema if the vaso-motor nerves remain uninjured. Ligature 
of the vena cava inferior below the diaphragm in a dog causes cold- 
ness of the posterior extremities, but no oedema. If one sciatic 
nerve be cut, the vessels of the corresponding foot become full, the 
foot warm, and oedema appears in about an hour. 

That this effect is not due to section of the motor nerves of 
the muscles, but to that of the vaso-motor fibres running in the 
sciatic, is shewn by the fact that when the vena cava was tied, the 
spinal canal opened, and the last three roots of the lumbar, and all 
those of the sacral nei-ves were divided on one side in one dog, and 
the cord divided above the lumbar enlargement in another, complete 
paralysis was produced ; but in neither case did oedema occur, though 
the animals survived 15 and 20 hours respectively. 

On the Circulation in Inflammation. — Riegel {Centran>latt, 
p. 450) used as a standard of comparison for the rapidity of the cir- 
culation an artificial stream passing through the eyepiece of the 
microscope. He found that if the sciatic nerve were divided in a frog 
no effect was produced, but if the central end were irritated by an 
induced current, the rapidity of the circulation increased and the 
lumen of the arteries diminished up to a ceHain point, at which 
they remained nearly constant so long as the current lasted, and 
then returned to their normal, when it was discontinued; more 
slowly, however, if it had lasted long. Irritation of the nerve never 
caused contraction, but sometimes dilatation of the veins. If the 
cuiTent lasted long, oscillation in the calibre of the arteries was ob- 
served both during its continuance and after its stoppage. Applica- 
tion of croton oil causes fi i-st contraction of the arteries and rapid 
circulation; this gives place gradually to dilatation, and the stream 
returns to its normal rapidity, and then becomes slow, and the large 
veins dilate. Slowing begins in the capillaries and small veins, 
in some of which stasis may be present, while the rest of the circula- 
tion is rapid. Division of the sciatic seems to diminish the primary 
quickening and somewhat retards stasis, while irritation of its central 
end retards the occurrence of slowing and stasis to a very great 
degree. 

Strieker and Norris (Studien aus dem Inst. /. expt. Pathol, zu 
Wien)y in a most interesting research on inflammation, found that 
three hours after the application of nitrate of silver to the cornea of a 
frog, the branched cornea corpuscles were enlarged, granulated, and 
had a double nucleus. Sluggish movements were seen, and made more 
active by passing a constant stream of serum over the cornea. A 
few hours after, clumps of cells are seen with numerous nuclei and 
some with vacuoles. In 15 — 20 hours the cornea corpuscles have 
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8 — 10 nuclei; one often flat, the others small, round, and moveable, 
like white corpuscles (Wandercellen). The branched corpuscles then 
disappear and are succeeded by bodies with numerous nuclei, which 
they think are a transition to white corpuscles. They thus think 
that pus corpuscles are formed from the tissues in the part, and do 
not simply wander out of the vessels. Their non-formation in the 
tissues of the frog after replacement of the blood by "Na CI solution 
they think due to the disturbance of nutrition. 

Strieker saw the colourless corpuscles in the inflamed tongue of 
a frog become Assured and then divide. The secondary cells thus 
formed became also Assured, but he did not see them divide. He 
also observed in the connective tissue corpuscles of the tongue a 
similar Assure but no division. Complete division was however 
noticed in an epithelial cell in an inflamed cornea. To shew that the 
alteration in cells in inflammation is due to the alteration in their 
nutritive supply, he placed a healthy cornea in the same conditions as 
an irritated one by cutting it out, placing it over an irritated one, 
and sewing up the eyelid over it. In 24 hours it too was inflamed, 
and contained pus corpuscles. That these were formed from the 
tissue and had not wandered in, was shown by washing one half of 
a cornea with distilled water which would alter its nutrition but 
present no obstacle to the white cells, and then treating as before. 
The washed half contained few or no white cells, while in the other 
half they were abundant. 

Picot, " On Inflammation," Compt Rend. LXX. 1367. Heller, 

"On Inflammation," CmtrcdblcUt, 310. Lorain, "On effects of 

Blood-letting," Jour, d'Anat. iv. 337. 

Tschaussow (Centrcdblatt, 305, and 402) saw in the web of a frog, 
where the circulation had returned nearly to its normal condition 
after irritation 7 days before, a pigment-cell in a vein adhere to its 
wall, slowly creep through it and then move about outside. While 
moving about it divided into two, each of which moved like the Arst. 

Respiratory System, 

Respibation in Fishes. — Gr6hant {Bibl. de VEc, des hautes Etudes, 
Sect. d. Sc. Nat,, 1869, 299) Ands that Ashes in a limited amount of 
water take up all or nearly all its O, and give out a greater amount 
of COg, sometimes twice as much. Nitrogen is sometimes taken up, 
sometimes given off", but if the swimming-bladder be extirpated it re- 
mains unchanged. Gr6hant, "On absorption of CO," Gampt, Rend. 
LXX. 1182. 

Action op different Gases on Respiration. — Berns {Nederl, 
Archiv, V. 179; CerUralblatty 388) thinks CO^, acts as an exciter of 
respiration directly on the vagus ends in the lung, and also in the 
blood. The Arst action is absent when the vagi are rendered inactive 

by apnoea. " On Respiration in Sheep," Henneberg, Schulze, 

Macker, and Brun, CentralblcUt, 353 and 369. 
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Secretion, 

Action of the Sympathetic on the Secretion op Urine. — 
M. Peyrani (Conip. Rend, Lxx. 1300) estimated the urine before, 
during, and after iriitation of the sympathetic in the neck both cut 
nnd uncut, with constant and induced currents of all strengths, and 
concludes: 1. That the amount of urine and urea increases in pro- 
portion to the strength of the current. 2. When currents of the 
same strength are used, the induced increases the secretion of urea 
and urine much more than the constant current. 3. When the 
sympathetic is cut but not irritated the urine and urea sink to a 
minimum. 4. When the peripheral end of the cut sympathetic is 
galvanized, the amount of urine and urea ascends much above the 
normal, but is always below that obtained by galvanizing it before 
cutting. 

Excretion oi* Urea by The Kidneys. — Grehant (BibL de VEc des 
Ji/iutea etudeSi Sec, d, Sc, Nat, i. 265) found after extirpation of the 
kidneys or ligature of both ureters (in dogs), that the amount of urea 
in the blood was greater than normal, and increased steadily after the 
operation. He thinks that ligature of the ureters, by causing disten- 
tion of the pelvis of the kidney and stoppage of the circulation, destroys 
the functional activity as much as extirpation. Comparing the blood 
of the renal artery and vein, he found that the blood of the renal 
vein constantly contained less urea than that of the artery, the differ- 
ence being greater when circulation is slow, but after ligature of the 
ureters the amount in the venous blood was exactly the same as in 
the arterial. He therefore concludes that the kidneys exci*ete but 
do not form urea. 

Hydruria. — Eckhard (Beitrdge, Vi., Heji i* p. 1) finds that 
hydruria produced by the inhalation of CO ^Schmiedeberg's method) 
has the same characters as that produced by puncture of the lioor of 
the fourth ventricle. The urine is much clearer and more abundant 
than that secreted after simple section of the splanchnica This 
secretion, though independent of section of the splanchnic, is greatly 
increased by its division pre\dous to the inhalation of CO, and can be 
completely stopped by its irritation. Irritation of the exposed spinal 
cord after division of the vagi and the splanchnic lessened the secre- 
tion, which rose slowly afterwards, and did not attain its normal. As 
this might occur through a reflex inhibition of the exciting centre 
nerves, it is not certain whether other inhibitory peripherical nerves 
than the splanchnic exist or not. 

The hydruria has no connection with the vago-sympathetic trunk. 
It was often produced after division of both splanchnics and all 
nerves going from the sympathetic cord to the kidneys. Attempts 
to produce hydruria after section of the spinal cord gave no positive 
result ; when it had been already produced, division of the cord at 
the sixth cervical vertebra stopped it. It is therefore probable that 
CO produces it by initation of a nerve centre above that point. 

Composition of Urine after Section of the Splanchnics. — 
Knoll {Eckha/rd^8 BeUrdge, vi. Heft i. 41) finds that when the splanch- 
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nic is cut on one side the urine secreted by that kidney as compared 
with that of the other one whose nerves are intact, has a specific 
gravity which is somewhat, but not much, lower, and has no direct 
relation to the increase of uiine. Its solids, and especially urea, 
though less relatively to its water, are absolutely greater; and this 
absolute increase is larger, the greater the increase in urine secreted. 
Albumen appears in the urine, and its reaction changes, but these are 
not due to division of the splanchnic, as they sometimes appear pre- 
viously. The change from acid to alkaline is due in part at least to 
a fixed alkali. 

Origin op Diabetes. — Lusk (N'ew York Med. Journal^ July 
1 870) undertook a series of experiments with the view of confirming 
Pavy's, but came instead to the following conclusions. The blood of 
the general system in carnivorous animals confined to a nitrogeneous 
diet contains appreciable quantities of glucose, not only during diges- 
tion, but even after fasting a considerable time. Under strictly 
physiological conditions the blood of the right side of the heart 
coutains from ^ to ^ a grain of glucose per fluid ounce, a quantity 
2 to 4 times greater than that in the jugular vein. This indicates 
a considerable amount of sugar in the pure hepatic blood; and 
although in diabetes the sources of sugar may be various, the chief 
one is the liver. In a foot-note he notices two cases of diabetes in 
which sugar disappeared from the urine after inhalation of oxygen. 

Eckhard {Beitrdge, vi. ffe/t i. p. 22), while expressing his belief 
that the study of diabetes occurring after curara poisoning can 
throw very little light on the pathology of the disease, gives as his 
experience that when a solution of curara of about 2 per cent, is in- 
jected in doses of '5 — 5 Cc (best 1*5 Cc), a well-marked diabetes 
sooner or later invariably appears both in dogs and rabbits. It 
generally lasts only a short time, and will not be perceived if the 
experiment be not long enough continued (one or two hours). It 
may continue after the effect of the curara has passed off, and volun- 
triry respiration begun. He believes that the occurrence of diabetes 
after extirpation of the superior cervical and semilunar (cceliac) gan- 
glia is not due to their absence, but to some other cause, as he has 
rej>eatedly extirpated the superior cervical ganglion, and diabetes 
never occurred, but he has found it after simple wounds. After ex- 
tirpation of the semilunar ganglion it was only in rare cases that 
sugar was plainly found in the urine, while after operations near 
the ganglion which did not injure it, sugar was present in consider- 
able quantity. He had come to the conclusion {Beit. iv. p. 11) that 
puncture of the fourth ventrical produced diabetes through the 
aplanchnics, but found an opposite statement by Fritz {Gaz. Hehd. 
1859, 264, 294, 344, 374). As he could not discover anything about 
the experiments on which this statement rested, he did not repeat his 
own, but took up the question whether, in general, diabetes is possi- 
ble after section of both splanchuicsl For this purpose he used 
Schmiedeberg*s method of producing diabetes by inhalation of CO, 
and found that in dogs it produced diabetes after section of both 
splanchnics. In rabbits it did not produce it either after or before 
section of the splanchnics. 
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MisceUa/neotM. 

Engelmann (Pflilger^s Arch. ii. 243; and Nederl. Arch, von Genees 
en Naturkunde, v. 1) finds that the fresh nreter appears homogeneous, 
the cells composing it only becoming visible when it is dying. Peri- 
staltic movements continue in pieces which have no ganglion cells. 
Contractions can only be produced by direct irritation of the muscular 
substance, and not of the ganglia or adventitia, and they will not 
pass over an injured part. He therefore considers the whole ureter 
as physiologically one structure ; the wave of contraction passes from 
one part to another without the intervention of nerves just as it 
would in a single involuntary muscular fibre. Ciliary movement he 
thinks is also propagated in this way, the fresh cells being continuous 
with one another. He considers the movements as automatic, that 
is, occurring without visible external irritation like amceboid move- 
ments in the cells. 

Engelmann, On Tetanus, on Opening and Shutting, Pfluger*8 

Arch. III. 403. On Negative Oscillation in Muscle, Lamansky, 

Pfluger's Arch. ill. 193. Pre-existence of a Current in Muscle, 

J. Worm Miiller, Wurz. Untersuchungen, iv. 181.^ Hermann, On 

THE Causes of Electromotor Appearances in Muscles, PJlug&i^s 

Arch. III. 1. Schiff, On the Non-existence op Electric Currents 

IN Nerve, reviewed in Centralblatt, 421. On Exhaustion in 

Muscle, Volkmann, Pfluger's Arch. vii. 372. Schenk, Action op 

Cold on Elementary Organisms, Wien. Sitz. Ber. Math. Nat- Cl^. 

Abt. LX. 1869. Engelmann, On Protoplasm, Pfluger^s Arch, tl 

307. Herwath, Action op Cold, see CentraJhlatty 414, and On 

Animal Heat, 546. Jacobson and Leyden, On Fever, CentralbkUt, 

259. Simons, On Fall op Temperature, GentralUatt^ 414. 

Naunyn, On Fever, Du BMs Arch. ii. 159. Duresk, On the 

Production of Artificial Inversion of Viscera by Heating Dif- 
ferent Parts of the Ovum, Gompt* Rend. lxx. 761. 
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Physiological Chemistry. 

Bespiration, 

Respiration op the Tissues. — In his Zegons sur la Physiclogie 
Comparie de la Respiration (Paris, 1870), M. Paul Bert has in the 
3rd and 4th chapters discussed at considerable length the important 
question of the respiration of the tissues ; besides describing his own 
experiments he gives some interesting historical information, and 
specially discusses the views which have of late years been brought 
forward by Professor Hermann. 

In the first place the author insists that the credit of discovering 
the respiration of the tissues ought to be ascribed to SpaJlanzani, and 
not to George Liebig, as the former observer, instead of restricting his 
attention to one tissue, examined many. 

" In so far as this is concerned," says Bert, " the otherwise remark- 
able work of G. Liebig, so far from having introduced any new fact 
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Into science, has remained much behind what Spallanzani had so long 
before demonstrated." 

The materials used in the author's researches on the respiration 
of the tissues were obtained from animals which immediately before 
had been bled to death. The portions of tissue to be examined were 
cut into pieces, one centimetre cube, which were suspended on little 
copper gratings introduced into absorption tubes standing over mer- 
cury and containing air. The weight of tissue and the volume of air 
were constant (?) in all these experiments, the weight of tissue being 
always 50 grammes and the volume of air 180 cubic centimetres. 
The following are the results of an experiment in which various 
tissues of a dog were exposed to the action of air for 24 hours, the 
temperature varying during that period from 10°C. to 0°C. 

cc. CO. 

100 grammes of muscle absorbed 50*8 of O, and exhaled 56*8 of CO^. 

„ f, brain „ 45-8 „ „ 42-8 „ 

„ „ kidney „ 37-0 „ „ 15-6 „ 

„ „ spleen „ 27*3 „ „ 15-4 „ 

„ „ testicle „ 18*3 „ „ 27*5 „ 

„ „ crushed bones\ ,w.„ ^, 

with marrow/ ^ ' ^ » " o a „ 

In a second experiment with the tissues of a dog the following 
numbers were obtained.: 

cc. ca 

100 grammes of muscle absorbed 53*0 of 0, and exhaled 39*8 of CO^. 
„ ,; kidney „ 21-8 „ „ 34-2 „ 

„ „ spleen „ 13*9 „ „ 26*6 „ 

„ „ crushed bones \ 

with adhering > 10^ „ „ 12'6 „ 

marrow j 

In another set of experiments Bert took defibrinated and 
thoroughly arterialized blood of the dog, and placed in contact with it 
for four hours pieces of muscle and spleen. The quantity of blood 
used in each experiment was 60 grammes ; of muscle and spleen 46 
grammea 

After the four hours had expired, the blood which had been in 
contact with the tissues was analyzed by the method proposed by 
Claude Bernard for the estimation of oxygen, i.e. a given volume of 
blood was agitated with carbonic oxide, and the quantity of oxygen 
and COjj which had been displaced from the blood determined by the 
analysis of the gas. 

The ^0 cubic cents of blood with which the muscle had 
been in contact evolved ..... 

The 60 cubic cents of blood with which the spleen had 
been in contact ....... 

60 cubic cents of blood left intact .... 

The author then investigates the gaseous interchanges which take 
place between the tissues and atmospheres of varying composition. 



0. 


COj,. 


3-6 


0-4 


7-3 

10-7 


0-9 
0-5 



220 DR GAMGEE. 

He corroborates by his own experiments tlie statement of Spallanzani, 
that the richer the gas in contact with a tissue is in oxygen, the 
greater is the quantity of oxygen absorbed. 

With atmospheres of identical composition and with tissues of the 
same nature, but derived from animals of different species, thei-e are, 
according to Bert, the greatest differences in the amount of oxygen 
absorbed ; thus he finds that the muscles of cold-blooded vertebrate 
animals consume relatively to their weight less oxygen and evolve 
less carbonic acid than muscles of warm-blooded animals. 

o. co^. 

100 grms of muscles of a cock absorbed 62 cc., and evolved 54*6. 
„ „ frogs „ 42-5 „ „ 36-6. 

He further states that the muscles of adult animals absorb much 
more oxygen and evolve more carbonic acid than those of young 
animals ; thus, 

O. CO,. 

100 grms of muscle of adult dog absorbed 47*3 cc. and exhaled 56*3 oc 
„ „ new-bom dog „ 29*3 ,, „ 35*7 „ 

The author believes that these experiments throw some light on 
the fact that newly-born animals resist asphyxia much longer than 
adult animals. 

Having proved that all the tissues of the body absorb oxygen, 
Bert inquires whether we are justified in looking upon this absorption 
of oxygen by muscle as a true respiration or as the commencement of 
a decomposition, which, as Heimann would have it, sets in at the 
sui*face of a muscle exposed to air and propagates itself *so as to 
involve the whole muscle— a decomposition which indicates that the 
unstable equilibrium which constitutes life is broken, and that the 
organized matter has as it were commenced to form part of the 
i n organic world 1 

The doctrine that the muscle separated from the body becomes 
immediately, from one point to another, from the surface downwards, 
the seat of death and putrefaction, is opposed most strongly by Bert, 
who argues in favour of a respiration of muscle, in the sense in which 
it was understood by Spallan^ni and George Liebig. Referiing to 
the hypothesis that the muscle which is removed from the body 
commences at once to die, he remarks : " How could I accept it (the 
hypothesis) after having seen complex animal structui'es, entire limbs 
with their bones, their cartilages and their nerves, which have been 
separated not merely for a period of some minutes or of some hours, 
but for four, six, and eight days, continue, after the conditions neces- 
sary to their existence have been restored to them by grafiing, to 
live, to grow, to complete their evolution, to undergo waxy, fatty and 
atrophic degenerations, in a word to be healthy or to become diseased, 
and disease is a proof of life ? 

" The air of the tubes in which I preserved these structures had 
become poor in oxygfen, and loaded with Carbonic acid. Had putre- 
faction occurred theifel If so, we must deny to this term its uni- 
versally accepted meaning, and declare that putrefaction is one of the 
phenomena of life." 



REPORT ON THE PROGRESS OF PHYSIOLOGY. 221 

The sentences we have just quoted, in which M. Paul Bert refers 
to his own very interesting experiments, appear to us as the most 
important in the two chapters in which he discusses the respiration 
ot the tissues. 

M. Bert's remarks on the dangers which are to be anticipated 
from over refinement of the methods of research used in physiological 
investigation, i.e, on the errors which often creep in when all is 
sacrificed to an unnecessary accuracy in individual' experiments, 
whilst they prove the author to be an able writer, appear to us to 
lose much of their force from the very obvious jealousy and animosity 
with which he criticizes his physiological brethren " de Tautre cot^ 
du Rhin/' M. Paul Bert, when he penned his remarks on this 
subject, was obviously thinking of his great master, Claude Bernard, 
who, with comparatively crude methods, obtained remarkably accurate 
results in all the departments of physiology to which he directed his 
attention. His work should not, however, cause a sneer to be cast at 
the splendid school which has for its leaders such men as Ludwig and 
Helmholtz and Du Bois Beymond. 

Respiration in the Lungs. — Dr J. Muller has under Lud wig's 
direction (Lud wig's Arbeiten, 1870) performed a series of experiments 
in order to ascertain the changes which the gases of the blood undergo 
in the passage of this fluid through the lungs. 

An artificial stream of defibrinated blood at the ordinary tempera- 
ture of the room (18° C. or 20° C.) was passed through the lungs, a 
canula being placed in the pulmonary artery and others in the pul- 
monary veins. The lungs were inclosed in a perfectly tight caout- 
chouc bag, which was inserted into the edges of a metallic plate, through 
which passed the canulse conducting blood to and fiom the lungs, 
a canula which communicated with the trachea, and another which 
communicated with the. caoutchouc bag. Both the trachea and bag 
were filled with nitrogen, and had manometers connected with them. 
As in the researches with an artificial current of blood passing though 
muscle (Ludwig and Schmidt), it was found that in order to keep up 
a constant rate of flow 2 — 3cc. per minute the oiiginal pressure 
had to be increased jfrom 6 to 20 or 30 mm. of mercury. Arterial 
blood which had flowed through the lung always became of a dark 
venou9 colour, and a very marked decrease in the amount of oxygen 
was always noticed. The amount of oxygen consumed increases 
with the rapidity of the stream and the amount of oxygen contained 
in the blood, and with the length of time which has elapsed since 
the commencement of the experiment. The amount of carbonic acid 
evolved is nearly constant ; the quantity increasing with the rapidity 
of the stream, although not so decidedly as the oxygen consumption. 

The average value of the quotient p^ is 2. 

The simple nature of the lung-tissue rendered it very suitable for 
a research such as that of Schiremetjewski {Journal of Anatomy, 
Nov. 1869), to determine the capability of oxidation possessed by the 
blood. Lactate of sodium was added to the circulating blood, and 
the amount of oxygen and carbonic acid determined both before and 
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after the passage through the blood-vessels of the hing. If the 
lactate of sodium had undergone combustion, the volume of CO, 
produced should have been equal to the oxygen consumed, but in- 
stead of this it was found to be four to six times as great, showing 
that lactic acid must split up in the blood, much in the same way as 
it does in the butyric acid fermentation, where CO, is evolved in- 
dependently of oxidation ; 2C3H^03 = C.H^O, + 2C0, + 2H,. We can 

'O 

understand the dependence of the quotient ^;^-^ upon the rapidity of 

^« 

the stream, as the oxidations following the decomposition will be 

much influenced by the amount of available oxygen, which of course 
must depend much upon the rate of flow. To determine whether the 
lung possesses a specific functional power of excreting CO,, the blood 
of an asphyxiated animal was passed alternately through a lung 
inflated with N, and a simple space filled with the same gas, both 
the cavities filled with gas being connected by means of a differential 
manometer. As the experiment went on, the pressure, which was at 
first alike in both, became greater in the lung-cavity, showing that the 
lung possesses a specific power of excreting 00,. During this experi- 
ment it was observed that the blood-stream passed with much greater 
difficulty through the inflated than the collapsed lungs. 

It would appear to the reporter that this experiment scarcely 
points to any specific action on the part of the lung-tissue; as it 
would be expected that in circulating through the capillary network 
of the alveoli the blood would be placed in the best possible con- 
dition to allow the carbonic acid to diffuse into the N atmosphere, 
a condition which could scarcely be eflectually imitated by any 
artificial arrangement. 

On the Belatiok between the Oxtoen absorbed dubing the 
Day and Niqht. — In an original paper published lately {CeniralblaU 
fur die Medicinische Wisaenachaften^ 187Q, Nos. 23 and 24), Henne- 
berg, Schultze, Marker and Biisse give the results of experiments 
performed on two full-grown sheep in a Pettenkofer's chamber. Tables 
accompany their paper, in which, inter cUioy are noted the temperature 
of the room, the amoimt of hay consumed, the quantities of carbonic 
acid, marsh gas, and watery vapour excreted, and the relation of the 
quantities of oxygen absorbed during the day and night to the 
quantity of carbonic acid. 

The quantity of carbonic acid, excreted during the day and night 
periods into which the period of 24 hours was divided, differed. The 
variation seemed to depend upon the quantity of food taken in the 
two peiiods. There was a constant relation between the quantity of 
hay added to the diet, and the increase of carbonic acid. For each 
gramme of hay carbonic acid was excreted to the extent of 0*11 to 
0*12 grms. Between the excretion of carbonic acid and water there 
was a very marked parallelism ; the greater the one, the greater the 
other. 

The absorption of oxygen and the excretion of products con- 
taining oxygen did not always proceed pari passu. The changes in 
this respect were not of a symmetrical character coiTesponding with 
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either the day or night period. Abstinence from food for 24 hours 
caused the carbonic acid and aqueous vapour to sink to one-half. 

Blood, , • 

Pkoof that the Blood-corpuscles yield Fibrin. — Heynsius and 
"Von der Horst shewed, some time since, that the stroma of the blood- 
corpuscles yields to a salt solution a body whose properties correspond 
with those of fibrin. Heynsius also shewed {Pflilger's Archiv, 1869), 
that blood which immediately after leaving the blood-vessels is treated 
with a solution of phosphate of sodium, and which therefore coagulates 
slowly, yields more fibrin than blood not treated in this manner, the 
quantity of fibrin being sometimes doubled. Lastly, he shewed that 
when blood is mixed directly with a solution of Na CI cooled to 0*^ C, 
the very dilute plasma contains much less fibrinogen than corresponds 
to the quantity of fibrin which would be obtained from the same 
blood if allowed to coagulate spontaneously. The direct proof that 
fibrin does really, in part at least, proceed from the blood-corpuscles 
was not, however, forthcoming. In a paper published in the CerUral- 
hlatt (No. 25, 4 th June, 1870), Heynsius puts us in possession of 
facts which abundantly prove the accuracy of his previous conjectures. 
This observer had previously discovered that corpuscles which have 
been separated by the addition of a solution of salt cooled to 0** C. are 
incapable of inducing fresh coagulation when added to serum. He 
sought for an explanation of this fact in the hypothesis that the 
stroma of the blood-corpuscles had been coagulated in the process 
adopted for their separation 

The blood of the horse differs from that of other animals in its 
very slow coagulation, so that when exposed to great cold it only 
coagulates after many hours. Might not the coagulating power of 
the corpuscles be abundantly proved by experiments with this blood ] 
The result thoroughly justified this surmise which Heynsius mada 
He separated corpuscles fi-om the blood of the horse by the addition 
of ten times its volume of a Na CI solution of 4, 3, and 2 per cent. 
In this way he obtained blood-corpuscles which, when mixed with 
water or with blood-serum, yielded a good blood-clot. The horse's 
blood contained 1*2 per cent; of fibrin, of which only 90 per cent. 
could be obtained after separating the blood-corpuscles. It is there- 
fore evident that a portion of the fibrin of blood is derived from the 
blood-corpuscles. 

Action op Peroxide op Hydrogen in Blood. — Schonn (Oen- 
trallbatt, 1870, No. 22) points out some fallacies in Schonbein's 
method of detecting HCN in blood by means of peroxide of hydrogen. 

Haemochromogen. — Hoppe-Seyler in a preliminary notice (Cen- 
tralblaUy 1870, No. 16) describes a new colouring matter which is 
obtained as a product of the decomposition of blood-colouring matter. 
Alcohol containing in solution SO^^ or KHO decomposes haemoglobin 
into an albuminous substance, and the new purple-red colouring 
matter to which the above name is given. 
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Hypoxanthin in the Blood of LEUCOCYTHiEMiA. — E. Reichardfc 
{Jenaische Z&itschrift f. MecL u. NaJturk, 1870, v. 389 — 392) describes 
the examinatiou of the blood of a patient who was an inmate of the 
Jena Clinik, and who was 43 years old. There was simply enlarge- 
ment of the spleen. TChe proportion of white to red corpuscles was 
as 1 : 2*22. Hypoxanthin as well as gluten could be readily de- 
tected in the blood. From 30 grammes of blood he obtained 0'123 
grammes of gluten and 0*055 gram, of hypoxanthin. The author 
thinks he also detected a body culled albukaliu, which has been 
described by Theile ; this substance is a product of the action of 
KHO on vitellin and albumen, and has the composition C^HpNO,. 

Digeatwifi, 

Professor Schiff (Sunto del lavorifatti net Lahcratorio Fisiologico 
di Firenze, 1869. Prima parte. Digestione. Lo Sperimentale, 1870) 
has investigated many questions connected with the function of the 
bile in the process of digestion. He believes that a portion of the 
bile poured into the intestine is reabsorbed and contributes to the 
formation of new bile. He specially has examined the alleged pre- 
cipitation of peptones from chyme by the bile, and he asserts that the 
process is very much influenced by the greater or less acidity of the 
chyme. When the chyme is very slightly acid, merely a precipitation 
of the bile mucus occurs ; but when the acidity is considerable, the 
peptones are thrown down. When chyme enters the intestine its 
activity, as is well known, ceases. The cessation of activity occurs 
even before the pancreatic juice has acted upon it. Schiff £nds that 
the secretion poured into a tied duodenum after the ligature of both 
the biliary and pancreatic ducts, possesses in a remarkable degree, the 
property of arresting the digestive action of the gastric juice ; this 
secretion is alkaline and proceeds doubtless from Briinner's and 
Lieberkiihn's glands. The author also states that after the extirpa- 
tion of the spleen the pancreas no longer digests albuminous sub- 
stances. (This abstract is taken from Professor Hermann's summary 
of Schiff's researches in the Centralblatt, 1870, No. 19.) 

On the Decomposition of Fats in the sjiall Intestine. — Briicke 
(Wien Acad. Sitzungaher, 2 Abthl. lxi. CentralblaU, March, 1870) 
lias found that the chyle of recently killed dogs does not readily yield 
its fat to absolute alcohol, although ether readily extracts it. From 
this it would appear that the greater part of the fat contained in 
chyle consists of neutral fats and not of fluid fatty acids, as alcohol 
readily dissolves these. That a small quantity of the latter is always 
present, cannot, however, be doubted. What can be the use of the 
partial decomposition of neutral fats which goes on in the alimentary 
canal 1 BrUcke finds that oil which contains free fetty acids is emul- 
sionized by a solution'of soda with much greater ease than pure oil. 
It would therefore appear that the fat-decomposing action of the 
pancreatic juice, causing the appearance of fatty acids which are con- 
verted into soaps by the alkaline juice, favours the emulsionizing, and 
therefore the absorption, of neutral fats. For some other observations 
on Peptones by Brucke, see CenircdblaU, 23rd July, 1870, No. 33. 
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W. ScHMiBT {Zeitschrijl f. Chemie, 1870) finds that when co 
Dgiilated albuminous substances are heated with water in sealed tubes 
until solution has occurred, there is no production of bodies having 
the reaction of peptones. 

Digestibility op CELLULOSiL-^Weiske fed two individuals on a 
diet containing large quantities of cellulose (carrots, cabbage, and 
celery) and analyzed the ingesta and egesta. He found that in one 
case 62 '7 per cent, and in another 47*3 per cent, of the cellulose was 
digested. 

Influence op the Salts contained in Food on the Composition 
OP THE Bones. — Papillon has examined the modifications which 
occur in the bones of animals whose diet did not contain the normal 
salts present in food. (Joiimal de VAnoUonde et de la Physwlogie^ vi. 
153 — 163.) He fed rats on sugar, gelatine, rice and water in which 
nitrate, chlorate, sulphate, and carbonate of potassiiim, and sodium 
were contained, in the proportion of 1*5 grammes per litre. All the 
animals fed in this manner died of inanition at the end of three 
weeks, and it was observed that the teeth had become as brittle as 
wood and were partially broken. Another rat was fed in the same 
manner sb the pWeding, with the addition daily of one decigramme 
(O'l grm.) of phosphate of manganese; this animal died of acute 
enteritis in eight days. Another rat received daily, in addition to the 
first diet, a quantity of phosphate of aluminum dissolved in hydro- 
chloric acid. In 73 days the animal died suddenly with convulsions, 
and post-mortem examination revealed severe enteritis. In 100 
parts of the calcined bones there were — 

Alumina . • . . 6*95 

Lime 4M0 

In another case phosphate of magnesium was added to the diet. 
The animal was killed after 70 days, and the analysis of the calcined 
bones gave the following result — 

Magnesium .... 3*56 

Calcium .... 46*15 



Urine, 

Production op Urea by the Oxidation op Albuminous Sub- 
stances. — B6champ {GortvptuB Eendue, lxx. pp. 866 — 869) again as- 
serts that he has obtained urea by oxidising albumen by means of 
permanganate of potaeh. He has left the matter quite undecided, as 
he did not subject to elementary analysis the substance which he con- 
sidered to be urea. 

Presence op Hippuric Acid, and Absence op Uric Acid in 
A case op Diabetes Insipidus. — {Centralblatt, 18th June, 1870.) 
Hofinann describes a case of diabetes insipidus, complicated by severe 
pruritus cutaneus, which occurred in Hebra*s Clinique. The urine 
was very acid. It contained neither albumen nor sugar. There was 

VOL. V. 15 
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a complete absence of mic acid, but bippuric acid was present in ab- 
normal amount. Total quantity of uiine in 24 bours, 2500 c.o. 

Urea . . • 51 '1 grammes. 
Cbloride of sodium . 14*7 „ 
Phospboric acid . 5*4 „ 

Urine m Leucocyth-emia. — E. Eeichardt, in a paper already 
quoted {Centralblatt, No. 22, 1870) states tbat in a very well-marked 
case of splenic leucocytbsemia, wbere tbe wbite corpuscles were yery 
mucb increased bypoxantbin could be readily separated from quan- 
tities of urine not larger tban 400 c.c. Salkowsky (Virchow^s 

Archives, 1870, p. 174 — 210) bas also investigated in tbe most 
critical manner a case of purely splenic leucocytbsemia. In tbis case 
tbere was a remarkable and constant increase in tbe itmount of uric 
acid; tbe uric acid excretion bore to tbat of urea tbe relation of 
1 : 16 '3. Using tbe very best metbods, tbe autbor was unable to 
detect a trace of bypoxantbin in tbe urine, even wben be employed 
as large a quantity as 3000 c.c. Tbe following papers may also he 
consulted in reference to tbe urine ; Jafi[e, " On Urinary Pigment" 
( Virchow^a Archives, xlvh. pp. 405 — 427) ; Tbudicum, " On Krypto- 
pbanic Acid tbe Normal Free AciJ of Urine" (GentroMatt 1870, 
Nos. 13 and 14). Naunyn, "On tbe Excretion of Urea in Fever" 
{Berlin Clin, Wochenschrift, 1869, No. 4). 

New Method op determining the Quantity op Grape Sugar 
IN Urine. — Knapp {AnncUen CI. Chemie u. Fharm, lxxviii. 252 — 
254) bas devised a new metbod for estimating tbe quantity of grape 
sugar, wbicb is based on tbe fact tbat an alkaline solution of cyanide 
of mercury is completely reduced wben boiled witb a solution of 
grape sugar. Tbe following abstract' is taken from Mature, Oct. IStb, 
1870 : — " By direct experiment it was found tbat on boiling, 400 mgr. 
Hg(CN)gare reduced by 100 mgr. sugar. Tbe solution is prepared 
by dissolving 10 grm. pure dry Hg(CN)jj in water, adding 100 c.c. 
of a sodic bydrate solution of 1*145 sp. gr., and diluting to 1000 c.c. 
Pure grape sugar is prepared by recrjstallizing tjie commercial 
dried at 100° from absolute alcobol. Tbe experiment is performed 
by beating 40 c.c. of tbe mercury solution — ^tbis amount corresponds 
to 100 mgr. sugar — to boiling in a porcelain disb, and tben adding 
sugar solution to complete precipitation of tbe mercury, tbe end of 
tbe reaction being ascertained bv placing a drop of tbe liquid on to 
a piece of the finest Swedish filter paper, covering a small beaker 
containing some very strong ammonic sulpbide ; a brown spot is ob- 
served so long as mercury remains in solution. Tbe advantages 
of tbis metbod over Febling's are, tbat being equally accurate, tbe 
test solution is exceedingly easy to prepai'e and perfectly stable, 
a sborter time is required for tbe estimation, and tbat tbe foreign 
bodies wbicb mask tbe pure colour of tbe cuprous oxide are witbout 
influence on tbe reduction of tbe mercuric cyanide." 



NOTICES OF RECENT DUTCH AND SCANDINAVIAN 
CONTRIBUTIONS TO ANATOMICAL AND PHYSIO- 
LOGICAL SCIENCE. By W. D. Moore, M.D., Dub. et 
Cantab., M.R.I.A, (fee. &c. 

1. In the Nederlandsch Archief voor Genees en I^atuurkunde, 
Vol. 5, an abstract is given of the description by T. Zaaijer of four 
anatomical irregularities observed by him : 

(1) A case of vena cava superior dextra et sinistra. The right 
exhibited no peculiarities, the left had at first a diameter of 1*1 
centimetres, ran in front of the left subclavian artery, crossed the 
arch of the aorta, passed the obliterated ductus venosus, and just in 
front of the left pulmonary artery took up the vena hemiazygos. 
The inferior part of the vein (ductus Cnvieri sinister) had a diameter 
of 1*6 centimetres, i-an beneath the left pulmonaiy veins into the 
sulcus atrio-ventricularis, became suddenly much wider (2 '7 centi- 
metres), took up a vein issuing from the sulcus longitudinalis, and 
opened into the right auricle. The author gives the usual embiyo- 
genetic explanation of the origin of this anomaly. 

(2) Anomaly in the formation of the vena cava inferior. In the 
body of a man aged 62 the right kidney was entirely wanting. The 
vena cava inferior lay in the usual manner with respect to the aorta, 
and arose at the normal height from the union of two branches, of 
which the left ran in front of the right common iliac artery, soon 
placed itself to the inside of the left common iliac artery, and took 
up the external iliac and hypogastric veins. Shortly before opening 
into the trunk of the vena cava this branch took up a transverse 
branch, which passed in front of the left common iliac artery and 
soon connected itself with another branch arising from the left common 
iliac vein, ran behind the corresponding artery, 1 '6 centimetres to the 
left of the aorta, passed upwards and finally opened into the left 
renal artery. In this manner a triangular opening was formed, 
through which the common iliac artery 'v^as, as it were, pushed. 
The right branch (vena iliaca comm. dextra) ran first on the outside 
of the corresponding artery, soon passed behind it, and became con- 
nected by a transverse branch with a vein (vena hypogastrica dextra), 
which opened into the above-described left branch of the vena cava. 
There was thus formed a rounder opening for the arteria iliaca com- 
munis dextra. 

The author looks upon the left branch running close to the aorta 
as the dilated left inferior cardinal vein. The transverse connecting 
branch may be considered as a vein corresponding to one of the 
lumbar veins. The position of the left common iliac vein in front of 
the right common ifiac arteiy, and the opening of the right hypo- 
gastric vein into the left common iliac vein however defy all attempts 
at explanation. 

(3) A mv^cvlus radio-carpo-metacarpeus. Under this name is 
described an anomalous muscle, arising from the radius, in some 
measure connected with the musculus pronator quadratus, and at- 
taching itself by several slips to the ligamentum carpi transversum, 
the trapezium, and the bases of the 2nd, 3rd, and 4th metacarpal 
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bones* The author describes other peculiarities^ and discusses the 
question whether Fano or Gruber has first described the muscle. 

(4) A considerable anomaly of the first and second ribs of the 
right side with asymmetry of the manubrium stemi, which was much 
more highly developed on the left than on the right side. The first 
rib was connected with the sternum only by a fibrous cord, but by 
the thickened bony end movably with the second rib. A detailed 
description of the peculiarities, as well as of the points in which this 
differs from earlier observations of a similar nature, would exceed 
the limits of this report. 

2. Professor Bonders contributes to the same Journal an essay 
On the action of the eyelids in determination of blood from expircaory 
effort. The investigations there detailed owed their origin to a 
request preferred by the celebrated Mr Charles Darwin, that Pro- 
fessor Donders would give him in writing his opinion as to the state- 
ment of Sir Charles Bell, '' that pressure of the eyelids protects the 
eyes against the injurious influence of determination of blood in 
violent or persistent expiratory efforts." The author enters at con- 
siderable length into an examination of the condition, in violent ex- 
piration, of the external vessels of the eye, as well as of the intra- 
ocular, and of the retro-ocular vessels ; establishes by direct experi- 
ment the fact that in violent expiratory efforts kept up for a time, 
while the face becomes red and swollen, the eyeball distinctly moves 
forward. He also confirmed Dr J. J. Miiller^s observation, that in 
voluntary widening of the slit of the eyelids the eyeball advances, 
and he found, in addition, that in nictitation the eyeball recedes in 
the orbit, it may be to the amount of half a millimetre. Ho sums 
up his results in the following words : — 

''We have satisfied ourselves, that both the external vessels of 
the eye, and the intra-ocular and the retro-ocular vessels are distended 
by increased expiratory pressure. We have seen that the eyelids in 
closing limit or entirely remove this distention, partly by pressure, 
partly perhaps by a certain associated action. We have observed, 
that on each increased expiratory effoi*t the eyelids are closed, or that 
at least a tendency to closure exists. The inference therefore i-eadily 
suggests itself, that through and by the closure of the eyelids the 
injurious effect of congestion of blood is warded off. 

'' The weak point of the demonstration consists in this, that little 
has been shown of essential injury from want of support. However 
the external vessels may, under such circumstances, burst, the in- 
fluence on the internal (undoubtedly placed in an abnormal condition) 
may on designed observation in the normal state be still more 
evident, and with respect to the retro-ocular it has already become 
probable that whei^e the ordinary support is wanting, the distention 
would gradually attain a higher degree and cause disturbance: 
varices are met with as the cause of exophthalmos, and what bears 
still more directly upon our inquiry, at the last Ophthalmological Con- 
gress Dr Gunning communicated a case of exophthalmos in consequence 
of whooping-cough, which in his opinion must depend upon the ru^ 
ture of vessels. I find that Mackenzie, in his Fractical Treatise on 
the Diseases of the Eye^ London, 1854, p. 309, gives a similar case.'* 
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A translation, in eoctenso, of Prof. Bonders' essay will be found in 
Dr Beale's Archives of Medicine for October, 1870. 

3. As in some measure relating to the subject of Professor 
Donders* Essay, I may refer to a paper by E. H. Sesemann, On the 
orbital veins cmd their connexion wUh the veins on the sv/rface of the 
head, of which an abstract is given in the Northern Archives of 
Medicine (Nordiskt Medicinskt Arkiv), Vol. 2, Part 1, from which I 
take the following : " Since Walter's time the veins of the face have 
not been specially investigated and described. The author, who 
founds his statements entirely upon his own preparations, has in this 
work brought forward some new views respecting the veins of the 
eye and face. He describes a venous plexus, enveloping the parotid 
duct. He considers that the vena ophthalmica superior serves not 
merely to carry off the blood from the other veins in the orbital 
cavity, but at the same time to form an efferent canal, a so-called 
emissarium Santorini, for the sinus cavernosus. Thrombus in the 
sinus is therefore not sufficient to produce disturbances in the distri- 
bution of blood within the eye, to this end thrombi in the vena 
ophthalmica superior, or in the vena facialis anterior would also be 
required. The vena ophthalmica inferior likewise pours blood either 
into the sinus cavernosus or into the vena ophthalmica meningea. 
The vena ophthalmica superior has not any valves and forms a con- 
struction at its opening into the sinus cavernosus. The vena 
ophthalmica inferior may have a valve, but only in the rare cases in 
which it opens into the vena ophthalmica superior, and then at the 
point of junction. The vena centralis gives off strong anastomoses to 
the vena ophthalmica superior, it may also empty itself into the vena 
ophthalmica inferior, and it sometimes forms a plexus ai*ound the 
sheath of the optic nerve." 

4. The 2nd and 3rd numbers of the 5th volume of the Transac- 
tions of the Medical Society of Upsala Upscda Lakwreforenings 
Forhandlinga/r) contain papers by J. A. Waldenstrom and Aug. 
Alm^n upon a remarkable change produced in the urine by the 
external use of carbolic acid as a disinfectant whether applied upon 
poultices, or injected, in solution in oil, into abscesses. The change 
described ceased when the use of the acid was discontinued, and 
returned when it was resumed. It was observed in three cases in 
the University Hospital. The urine had a very dark, almost black, 
tarlike appearance, and an acid reaction, it contained albumen in 
small quantity, but no blood. On adding sulphuric acid to the 
urine until a highly acid reaction was produced, and distilling over 
about one third of the fluid, the distillate smelled strongly of carbolic 
acid, and gave beautiful and indubitable reactions of the same. Both 
writers consider that this change in the urine indicates that the 
external use of carbolic acid might give rise to dangerous nephritis, 
but Professor Alm^n adds his conviction that it is not therefore 
necessary to abstain from a judicious employment of it, and as its 
antiseptic powers are so great he advises that it should be used in 
smaller quantity and in a less concentrated form than is often done. 
Its good effects seem to depend less on the quantity of the acid than 
on its coming into general contact with the pus. He recommends 
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an ojly solution for poulticing, but a watery solution for injection, 
and he advises that during the employment of the acid the urine 
should from time to time be tested for albumen, even though it 
should present no abnormal appearance. 

To the foregoing it may be added that in another case mentioned 
by Hr. Waldenstrom, the interned use of carbolic acid produced in a 
syphilitic patient a transitory albuminous condition of the urine. 
He believes that the change of colour in the secretion, which, ac- 
cording to him, occurs only under the external use of the acid, is 
due to the presence of some unknown oxidation products of the 
latter. 

[Other writers (Bardeleben, Lister, Wallace, &c.) have described 
a similar discoloration of the urine from the external use of carbolic 
acid ; but, so far as I am aware, albumen was not found in the ex- 
cretion in their cases. See Brit. Med, Joumcd, April 2 and 30, 
1870; Hdin. Med, Joumcd, May 1870; and Dr Walter SmitVs 
Report, Bub. Quart. Journal^ August 1870.] 

6. Dr Olof Hammarsten of Upsala contributes to the Northern 
Archives of Medicine^ already quoted, Vol. n. Part 1, a long paper 
upon the reaction of bile on pepton. 

"Albumen, digested in the gastric juice, contains at least two 
bodies: pepton and aynUmin (Meissner's parapepton), of which we 
consider the former as really dissolved, the latter, on the contrary, 
with Briicke, as only finely divided and greatly swollen in the acid 
of the gastric juice. The pepton is, so far as we know, the final 
product of the action of the gastric juice, it is ready digested albu- 
men, having a low endosmotic equivalent, or, what is the same thing, 
a great diffusive power, and is thus, so far as we can understand, 
ready to be at any time absorbed. The syntonin, on the other hand, 
is not ready digested, it has a high endosmotic equivalent, a low 
diffusive power, and we may, considering its condition as to solu- 
bility, ask whether it can at all pass from the acid contents of the 
stomach or intestine into the alkaline blood. The question now 
remains, how these two dissimilar albuminous bodies behave with 
the bile, whether they are both precipitated by it or not?" 

The author shows, from the writings of Kiihne, {Lehrhuch der 
physiologischen Chemie, Leipzig 1868,) and others, that the opinion at 
present genei-ally held is, that both the syntonin and the pepton are 
precipitated by the bile, that bile is capable of throwing down 
from an acid solution also the pure pepton. But believing that the 
subject deserved further investigation, he instituted three series of 
experiments, bearing, however, only on the question whether the 
pepton, as a rule, is precipitated, and can be completely precipitated 
by the bile. The results of his experiments answered this question 
in the negative, he found that the greater part of the pepton remains 
in solution and is therefore not thrown down by the bile, and he 
believes that in the majority of cases during life, in natural digestion, 
the bile does not in the intestine completely precipitate the pepton. 

The author argues that this imperfect precipitation of the pepton, 
and the re-solution of the latter when acid i^eaction is present, are 
of much importance in the process of digestion, and help to explain 
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tlie effect of the intervention of the bile between the ventricular and 
pancreatic digestion. But, on the other hand, he adds, we may per- 
haps still have loDg to wait before we obtain a clear insight into the 
physiological signification of this intervention of the bile, and he 
agrees with Kiihne, " that a wide, important, and fertile field, here 
awaits the next investigations." 

6. Among the " Shorter Communications" in the same number 
of the Archives, is a paper by Professor Axel Key and Gustaf Ret- 
zius, Ztc. Med., ''On the membranes of the brain and spinal cord, 
with special reference to the serous spaces and lymph-passages, with 
their connections." 

The animals experimented on by the authors were, living or 
recently killed dogs, rabbits, and sheep; in addition they used a large 
number of human bodies. 

The method employed was the injection of coloured fluids, which 
by gentle constant pressure, seldom amounting to 60 mm. of mercury, 
in a shorter or longer time were driven into the spaces under the 
dura mater and the arachnoid, either into these spaces separately, 
or simultaneously into both. Most frequently the injection has been 
effected from the inembranes of the spinal cord and with the skull 
unopened, so as to obtain for the brain as clear and unimpeachable 
results as possible. The injection-fluids have generally consisted of 
Hichardson's blue with glycerin, but without alcohol, as well as of a 
thin solution of gelatine in which fine cinnabar is suspended. 

Did space permit I should gladly give the details of the authors' 
results. In the contrary case, I content myself with quoting the 
following summary, with which they conclude their interesting com- 
munication : 

"We believe therefore that by these investigations we have de- 
monstrated, that an uninterrupted connection exists between the 
subarachnoideal spaces^ in the spinal cord and the brain, the lymph- 
canals around the vessels in the meninges and the epicerebral space, 
the perivascular spaces in the brain, the ventricles of the latter and 
the centi*al canal of the spinal cord, the investing space around the 
peripheral nerves proceeding from the brain and spinal cord, and 
serous sheaths and spaces in the higher organs of sense; that these 
serous spaces of the nervous system at least partly stand in imme- 
diate connection with the other lymph-systems of the body, but that 
at the same time the serous fluid, both from the subarachnoideal 
spaces and from the subdural space, must for the most part have its 
efflux through the veins, and that in this the Pacchionian granula- 
tions play an extremely peculiar and important part, although the 
resorption through the veins in a large measure takes place also in« 
dependently of them." 

In the second part of the volume the authors remark farther 
upon the transition of the fluids from the above-mentioned serous 
spaces into the veins through the intervention of the Pacchionian 

1 To prevent misconception we call the spaces under the arachnoid the »u6- 
arachnoideal spaceSy and the space under the dura mater, that is between the 
latter memhrane and the arachnoid, the stibdural space ^^the arachnoideal space 
of other writers. 
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granulations, and they proceed to say that '^ at the side of the longi- 
tudinal sinus we find in the dura mater large, hitherix) unobserved, 
venous cavities or spaces, which in general stand nearly at right 
angles to the sinus, and are of irregular form. They are often con- 
nected with one another by canals of varying calibre, running more 
or less parallel to the sinus. Through a narrow, usually rounded, 
opening these cavities communicate with the sinus; on the opposite 
side they are connected with the other comparatively fine veins of 
the dura mater, which take their origin from, or open into them. In 
these venous cavities, in the dura mater, we have, both in adult 
human subjects and in new-bom infants, and in the dogs and sheep 
we examined, constantly found extremely numerous Pacchionian gra- 
nulations ; often the cavities, particularly in elderly individuals, are 
completely filled with them. All the granulations, which usually 
occur so numerously near the sides of the longitudinal sinus, have 
either penetrated, or are about to penetrate, into these spaces; all 
the granulations which completely perforate the dura mater, stand 
with their inner parts in these spaces. These venous spaces at the 
sides of the sinus, with the Pacchionian granulations found in them, 
seem therefore to have their peculiar importance as absorbent organs, 
and it is precisely through their intervention, that the veins in the 
neighbourhood of the sinus are filled, even before the injected fluids 
have penetrated into the sinus. But not merely in the neighbour- 
hood of the longitudinal sinus, but, in general, wherever Pacchioman 
granulations are met with, the latter penetrate into the veins and 
the venous sinuses, or into sinuous spaces in their vicinity." 

7. To the Second Part of the same Volume, Dr Christian Lov6n 
contributes a "Preliminary Communication" on the "Lymph pas- 
sages in the Mucous Membrane of the Stomach." 

"It is," he observes, "undoubtedly remarkable, that while we 
have of late, through a number of investigations, chiefly those of 
Teichmann, His, and Frey, arrived at a very complete knowledge of 
the lymph and chyle passages in the intestinal mucous membrane, 
the examination of the otherwise so similarly constructed mucous 
membrane of the stomach should have afforded such comparatively 
scanty results." 

The general inference drawn by the author from his own researches 
is, " that the lymph passciges in the mucoiM membrane of the stomach 
have their comm,eneement in a system of communicatiTig openings or 
crevices in the connective tissue immediately surrounding the glands. 
This system of cavities, which in an empty condition, and when the 
intervening connecting substance is swollen by the action of certain 
reagents, as acids, <&c., exhibit themselves in stellated anastomosing 
'connective tissue bodies' (Yirchow), empty themselves directly into 
the larger reservoirs situated in the middle in the interstices between 
the glands, which we have learned to recognise as interglandular 
lymph sinuses, and which descend to the deepest layers of the mucous 
membrane, where they open into the already described subglandular 
and submucous networks of l3anph-canals ; first from the last named 
do the proper lymph vessels, furnished with valves and proper walls, 
take their origin." 
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NOTES ON SOME VARIATIONS OF THE PECTO- 
RALIS MAJOR, WITH ITS ASSOCIATE MUSCLES 

seen during Sessions 1868 — 69, 69 — 70, at King's College, 
London. By J. B. Pekrin, Demonstrator of Anatomy, 
King's College, London. (PL VIL VIIL IX. & X.) 

The PectoraMs major is liable to many slight transmutations ; 
and it has frequently impinging on it, or intimately associated 
with it, other muscles which present several grades of deve- 
lopment. 

1. The simplest form of deviation from the average ar- 
rangement of the touscle, is that in which a part, or the whole, 
of the great pectoral is blended at its distal or humeral attach- 
ment with that of the deltoid. 

• 2. The clavicular fibres of the pectoral may be continuous 
throughout their entire extent with those of the deltoid, and 
separated by a distinct and variable-sized interval from the 
stemo-costal fibres of the pectoral. 

3. The pectoralis major and deltoid muscles may be 
directly continuous; no areolar interval marking the line of 
separation between them. When such is the case, the cephalic 
vein, which usually lies in the interval between the clavicular 
fibres of the deltoid and pectoral, is either aborted, or perfo- 
rates the muscular fibres to reach the axillary vein. 

4. The portio attollens, or clavicular-pectoral, has the same 
attitude towards the stemo-costal fibres tis it has towards the 
deltoid. It may be directly continuous with them, and it 
may be partially or entirely separated. In the latter condi- 
tions the areolar interval varies considerably, from a mere line 
to an inch in width. 

VOL. v, 16 
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5. Those fibres of origin which spring from the seventh rib, 
and from the aponeurosis of the external oblique muscle of the 
abdomen, may also be divided by an areolar septum from the 
sterno-costal fibres. Various modifications and combinations 
of these slip-like diflferentiations exist. Barely, however, does 
the muscle present such a divided arrangement as that in 
which all the prementioned areolar spaces are persistent. I 
have seen the pectoral so split up as to give it a stellate 
appearance, composed as it were of several radii which united 
at their common humeral attachment. 

6. Sometimes the pectoral muscle has associated with its 
inferior fibres a partially separated slip, which arises from the 
abdominal aponeurosis, soon uniting with the pectoraUs major 
...generally opposite the axillary space. This seems to be an 
aborted form of the epigastric slip, and also closely simulates 
the proximal portion of an imperfect form of the chondro- 
epitrochlearis muscle. It is difficult to decide as to whether it 
belongs to the former or to the latter. 

7. I have met with one instance in which a portion of the 
•inferior fibres of the pectoralis major gradually detached them- 
selves from the parent mass, constituting a distinct muscular 
slip, which passed obliquely upwards to be inserted into the 
coracoid process, superficial to the coraco-brachialis muscle and 
coracoid factor of the biceps, and external to the pectoralis 
minor. This was present, only, on the left side. This is a 
good specimen of Wood's chondrchcoracoid. 

8. In another subject I found the clavicular portion of 
the great pectoral divided into two slips, about an inch and a 
quarter from its distal attachment. The external one, mainly 
muscular, passed behind the long head of the biceps, and 
behind a capsular tendon of origin which was also present, to 
be' inserted into the outer bicipital ridge. The internal portion 
was distributed after the usual manner of the undivided fibres. 
In one subject the clavicular portion of the deltoid gave a 
detached slip from its external border to join the clavicular 
portion of the pectoralis major. 

9. Besides these simple forms of variation the great pecto- 
ral has occasionally connected with it other muscles of a more 
complex character. These are : 
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1st. Epigastric slips. 

2n(lly. Muscular, or, musculo-tendinous, or, entirely tendi* 
nous slips from the latissimus dorsi. 

3rdly. Varieties of the chondro-epitrochlearis muscle, 

10. 1st. Epigastric slips. (Fig. 1. a\ a\ a"\) These are 
moderately frequent, and present considerable differences in 
number, size and arrangement. They may divided into simple 
and compound. 

a. Simple varieties. Both the simple and compound slips 
are most commonly situated below, and parallel with, the 
lower border of the pectoralis major. Sometimes they are con- 
tinuous with that muscle at their origin ; oftentimes they are 
separated from it by an areolar interval They may arise from 
the seventh rib ; from the sixth and seventh ; from the seventh 
rib, and the aponeurosis of the external oblique ; and, from the 
latter only. They are inserted, most frequently, with the pecto- 
rcdis major tendon, just before its attachment to the humerus. 
Sometimes they are inserted into the fieiscia, covering the coraco- 
brachialis, constituting the chondro-coracoid of Wood. Again, 
they may fall short of either of the preceding attachments, ter- 
minating in an expansion which is gradually lost in the cellular 
tissue of the axillary space. In one instance only have I found 
an epigastric slip joining the tendon of the latissimus dorsi. 

h. Compound varieties. 1. These consist of two distinct 
bands of muscular fibres, which run parallel to each other, and 
4x> the lower border of the pectoralis major (sometimes also to 
the minor, resembling a differentiated continuation of the latter 
muscle), terminating separately, or uniting just before their 
insertion. 

2. Of three slips. This is a rare form of epigastric, and 
may be partial or complete. 

3. Either of the preceding varieties, simple or compound, 
may be complicated by the addition of a slip from the latissi- 
iKhVA dorsi (Achselbogen). 

In twenty-nine subjects, dissected at King's College Anato- 
mical Rooms during the winter session 1868 — 69, I found epi- 
gastric slips in six. Four occurred in males ; in three on both 
sides, and in one on the left side : two in females ; in one on 
the left, and in the other on both sides. 

16— -2 
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In the same number of subjects dissected during the session 
1869 — 70, I found them in five. Four occurred in male sub- 
jects ; in two on both sides, in one on the right side, and in 
one on the left side : in the female subject, the epigastric was 
present on the right side only. Thus, in fifty-eight subjects, 
epigastric slips occurred in eleven ; in eight males and three 
females ; in five males on both sides ; in two on the left, and 
in one on the right side; in the three females, in one on the 
right, one on the left, and in one on both sides. 

In the 1868 — 69 series, four arose from the sixth rib, one 
from the seventh rib, and one from sixth and seventh ribs: 
three out of the six were inserted into the pectoralis major 
tendon : one joined the latissimus dorsi tendon ; and two were 
inserted into the coraco-brachialis fascia. 

In the 1869 — 70 series, three were attached to the sixth 
rib, and one to the aponeurosis of the external oblique muscle 
of the abdomen; one was peculiar and will be presently 
described; three were inserted into pectoralis major tendon, 
as in the 1868 — 69 series, and one into the coraco-brachialis 
fascia. In one of the 1868 — 69 series (a muscular male), the 
pectoralis major presented its usual average size and arrange- 
ment. Arising below it, and partly overlapped by its inferior 
fibres, were two broad muscular epigastric slips ; one from the 
fifth and sixth ribs; the other, inferior and larger, from the 
seventh rib. Both slips passed, in a direction obliquely up- 
wards and outwards, parallel with the lower border of the pec- 
toralis major muscle, across the axillary cavity, narrowing 
somewhat in their course. At the middle the inferior of the 
two gave off a small muscular slip to the upper one» About 
two inches from their distal extremity they joined together, 
and were soon afterwards joined by an unusually large and 
entirely muscular sUp from the latissimus dorsi. Immediately 
succeeding the latter addition the entire muscle, thus consti- 
tuted, terminated in a small, short, and flattened tendon, 
which was inserted into the outer bicipital ridge of the humerus 
along with the pectoralis major tendon, the lower and posterior 
aspect of which it joined. 

In one of the 1869 — 70 series (a very muscular male) was 
another peculiar form of epigastric slip : at least, it is moi*e 
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closely allied to the epigastric slips than to anything else. It 
might, however, be called an intermediate pectoral muscle. It 
consisted of a long, thin, and somewliat tapering band of muscu- 
lar fibres, which was attached proximally to the fourth rib, 
close to its cartilage. It crossed the superficial aspect of the 
pectoralis minor obliquely, separated from it and also from the 
major by a fascial investment. It was inserted into the upper 
border of the pectoralis major tendon, close to the bicipital 
ridge, and by an expansion prolonged upwards with the capsu- 
lar ligament of the shoulder-joint. This was present on the left 
side only. * 

I met with a larger specimen of the same kind in a muscu- 
lar male subject during the present session (1870 — 71), occur- 
ring also on the left side. It presented no diflFerence from the 
preceding except in its large size, measuring an inch and a 
quarter across. This slip, as well as a part of the serratus 
magnus, was supplied by a twig from the 4th intercostal nerve. 
I could not trace any nerve from either of the thoracic branches 
given to it. The accompanying sketch (Fig. 3 a) shows the 
analogue of this muscle in the Squirrel. I have a sketch of a 
similar muscle which I found in the Alligator. If attention is 
directed to this point particularly, I have no doubt that it will 
be more frequently found, as it is very liable to be divided 
along with the great pectoral, and thus overlooked. These are 
the only two instances which I have met with in nearly one 
hundred subjects. 

2ndly. Slips from the Latisaimus dorsi (Achselbogen). 

These so-called aborted varieties of the dorso-epitrochlearis 
muscle are pretty constant in their size and arrangement, 
and do not present any decided variation, except in a few 
particular instances. (Fig. 2 h'\) 

In twenty-nine subjects (session 1868 — 69) the Achsel- 
bogen occurred in seven subjects, five males and two females. 
In four males it was present on both sides, and in one on the 
left side only. In one female it was present on both sides, 
and in the other on the left side only. 

In twenty-nine subjects (session 1869 — 70) I found it only 
three times in as many muscular male subjects, on both sides 
in all. Its frequency is seen to coincide very nearly with that 
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of the epigastric slip. In these anomalous mti&cles, as well 
as in others, a very large average must be allowed before 
trustworthy evidence can be accorded as to their relative 
frequency. It is quite possible that not a single specimen 
should be found in fifty subjects in one dissecting room, while 
in another as many as a dozen might be present in a cor- 
responding number of subjects. These slips seem to be aborted 
specimens of the panniculus. 

3rdly. Chondro-epitrochlearis, Several varieties of this 
peculiar muscle are met with in the human subject ; first a 
simple musculo-tendinous band extending from the ribs to the 
epitrochlea. Fig. 4 aa\ represents a simple yet complete form of 
the muscle. It arises from the seventh rib, in conjunction with 
the inferior fibres of the pectoralis major. It may also be 
connected with the aponeurosis of the external oblique muscle, 
in the same manner as the epigastric slips. It is closely 
associated with the lower fibres of the great pectoral, and 
continuous with them as far as the centre of the axillary 
space. The muscular fibres there separate from the pectoral, 
as a Condensed and distinct muscular band, which at first 
gradually arches downwards, and then traverses more or less 
vertically the superficial aspect of the arm as a moderately 
slender tendon, anterior to the biceps muscle, and almost 
parallel with the internal intermuscular septum, and terminates 
at the internal condyle of the humerus. 

Fig. 5 da\ shews a compound variety of this muscle. The 
muscular part arises and is disposed as in the preceding ; 
being, however, somewhat (J inch) wider and extending further 
on to the anterior aspect of the arm, terminating opposite the 
middle of it in a moderately strong tendon, which descends 
from the capsular ligament of the shoulder-joint in fix)nt of 
the long tendon of the biceps. The distal insertion of the 
muscle is similar to that of the preceding. 

Fig. 6 aod'y shews a very eccentric form of this muscle, 
which closely simulates the extensor plicsB alaris of the bird. 
It is similar in its general arrangement to that of Fig. 4, but 
diflfers from it in having an additional wedge-shaped muscular 
contribution from the middle of the coracorbrachialis, about 
an inch long and 2^ lines wide, which becomes tendinous 
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immediately prior to its attachment to the brachial tendon 
of the chondro-epitrochlearis. 

There is yet a modification of the capsular portion of the 
chondro-epitrochlearis which consists of the capsular band of 
fibres only, and which joins the short head of the biceps muscle; 
it is about two inches long. 

Fig. 7 ooxiy shews the dorso-epitrochlear muscle. It is like 
the chondro-capsular form, except that the muscular part is 
derived from the latissimus dorsi instead of the pectoralis 
major. There is another variety, and I am not certain whether 
it belongs to the chondro-epitrochlear series or not. It is ten- 
dinous throughout its entire extent, arising from the glenoid 
head of the biceps immediately after it emerges from the 
capsular ligament. It runs parallel with the outer border of 
the biceps muscle, terminating in a fascial expansion imme- 
diately below the elbow-joint, on its radial side, and super- 
ficial to the deep fascia. Varieties similar to the preceding, 
with some few exceptions, have been described by Professor 
Wood in his papers on Variations in Human Myology, pub* 
lished in the Royal Society's Proceedings, Other observers 
have recorded these anomalies, e.g. Dr Macalister, Professor 
Turner, &c. The object of this paper is not to give a com- 
prehensive view of what has been done by other observers, 
but merely to give a brief outline of the irregularities of this 
class which I have found, during two winter sessions, in the 
dissecting-room at King's College, London. 

I cannot enter, in this paper, into a discussion upon the 
homologies and analogies of these peculiar forms of muscles — 
namely, the epigastric and chondro-epitrochlear. I will simply 
offer a few suggestions as to their actual source. If we ex- 
amine the bird's wing we shall 'find both the epigastric slip, 
and a muscle to all intents analogous to the chondro-epi- 
trochlearis. In ihe common barn-owl there is a muscle which 
arises from the fifth and sixth ribs. It passes obliquely up- 
wards and outwards, terminating in from three to five small 
and short digitations, partly muscular, and partly tendinous, 
which are inserted into the barbs of as many feathers, situated 
upon the upper and inner aspect of the wing. In the cor- 
morant this slip is very large and well developed. It is 
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then attached by its proximal extremity to the sixth and 
seventh ribs. Professor Owen describes this as a portion of 
the serratus magnus. It has, however, nothing whatever to 
do with that muscle. It is this muscle (I believe) which 
finds its homologue in the epigastric slip of the human 
subject. 

As regards the chondro-epitrochlearis, and its dorsal re- 
presentative, the former seems to me to be the relic of the 
extensor plicae of the bird, and the latter a representative 
of the dorso-humeral portion of the panniculus of quadrupeds. 
In the wood-pigeon and other birds, the muscular slip which 
is detached from the biceps (in some birds arising by a 
separate fascia from the front of the biceps) closely resembles 
the wedge-shape muscular band from the coraco-brachialis in 
Fig. 6. In the wood-pigeon it joins the extensor plicae alaris, 
just as in this case the coraco-brachial slip joins the chondro^ 
epitrochlearis. All these are more complete forms of the 
" portion ventrale" of Cuvier's and Laulrillard's plates ; of the 
** costo-humerar* of Professor Huxley; and the chondro-epi- 
trochlear of Duvernoy (Wood, ow Variations in Human Myology, 
1868). 



ON A RUDIMENT OF THE DORSAL PORTION OF 
THE PANNICULUS CARNOSUS, SUPERFICIAL TO 
THE TRAPEZIUS. By J. B. Perrin, Demonstrator of 
Anatomy at King's CoUege, London. 

In the last No. of the Journal of Anatomy and Physiology ^ 
Professor Turner describes a dorsal portion of the Panniculvs 
CamosuSy superficial to the Trapezius muscle. During the 
winter session of 1868 I met with a corresponding muscle in 
a muscular male subject dissected in the Anatomical Rooms at 
King's College. It was attached below by musculo-tendinous 
fibres to the spines of the 8th and 9th dorsal vertebrae on the 
right side. From this origin it passed almost vertically up- 
wards, and nearly parallel with the dorsal vertebrae, as high as 
the first, where it became tendinous and arched downwards and 
inwards to the spine of the second. From the convexity of the 
tendinous arch two or three slips radiated upwards and out- 
wards, and were lost in the subjacent fascia. The muscle was 
somewhat fusiform in shape, and its muscular fibres occupied 
the greater portion of the muscle. It was covered by the skin 
and superficial fascia, and rested on the fascia covering the tra- 
pezius. The origin of the trapezius was normal. The muscle 
I have described, except in being longer and wider, arising as 
low down as the 8th dorsal spine, is identical with that de- 
scribed by Professor Turner. In my note-book I had entered 
the muscle under the name of dorsofasdaiis, a rudiment of the 
pa'tvniculus camosus. 



ON THE ANATOMY AND PHYSIOLOGY OF THE SO- 
CALLED 'SALIVARY GLANDS' OF THE COMMON 
COCKROACH— PERIPLANETA ORIENTALIS. By 
W. AiNSLiE HoLLis, M.B., Cantab. (PL XL) 

The labium of this insect consists of seven parts, six of which 
are arranged laterally in pairs. Anteriorly is a single fleshy 
organ, which, from its form, its position in the oral cavity, and 
its probable functions, may be called the 'lingua' (fig. 1, c). 
Inferior to, and somewhat behind the lingua^ are the * sublin- 
gual palpi' (ee), two flapper-like organs, consisting each of three 
joints, and affixed at their base to the * labium' proper (g). 
This last organ consists of two thin chitinous plates, separated 
from each other by a longitudinal division, and united at their 
bases to the lingua. Lastly,, there are two * labial palpi' (ff), 
one of which is placed on each side of the labium. Over the 
dorsum and tip the surface of the lingua is covered with short 
papilliform bodies, which probably assist the passage of the 
food in the process of deglutition. Towards the root are two 
or three rows of tubercles, arranged after the manner of the 
circum^vallate papillae of the human tongue. Near this point 
there is a longitudinal mesial depression terminating in a cul^ 
de-sac. The posterior or under surface of the Hngua is deeply 
sulcated along the mesial line (fig. 4, 6), the groove thus formed 
terminates at the base of the organ in an irregularly-shaped 
opening (c) surrounded by a delicate framework of chitine. 
This opening resembles that of the human larynx in shape, and 
is supplied inferiorly with an appendage similar to the epi- 
glottis, which possibly acts as a valve. From its position, ex- 
ternal to the true oral cavity, the orifice in question is freely 
exposed to the air when the lateral divisions of the labium are 
separated from each other and the valve is open. When traced 
upwards this aperture is found to communicate with an infun- 
dibular cavity, connected at its further extremity with a cen- 
trally placed tubule. This tubule, partly from its position in 
the oral orifice, and partly from its relations to some organs to 
be described, has been called the ' salivary duct.' If, however. 
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* 

it be carefully dissected from its surrounding connections as it 
passes upwards along with tbe cords uniting the first (sub-ceso- 
phageal) and second post-oral ganglia, it will be found, under 
the microscope, as has been observed by others, to possess the 
well-marked anatomical peculiarities of an ordinary tracheal 
vessel. Passing abruptly backwards for about 0*07", in close 
proximity to the ganglionic cords and below them and the oeso- 
phagus, it gives oflF from its upper surface a branch {trdchea 
ramalis) (fig. 1, h) about one-third the calibre of the main ves- 
sel; and the two continue their course parallel to each other for 
about 0*03". Near to this point a bifurcation takes place in 
both, the lower and larger vessel {trdchea Sdccidaris) (fig. 1, a) 
dividing somewhat anteriorly to the other. If the course of the 
two branches of the trachea saccularis is traced, they are found to 
pass round the nervous cords, one on either side, until they are 
about 0*25" in length, when each suddenly expands into a pyri- 
form sacculus — ^the so-called 'salivary bladder' — (0"35" in long 
diameter). The corrugated inner membrane of the trachea is 
gradually lost near the orifice of the sac, while the outer mem- 
branes of the vessel are expanded over its surface, and form an 
exceeding delicate hyaline covering with an internal fibro-cel- 
lular coat. I have never found a liquid in these sacculi, nor 
have I seen them in other than a collapsed state. During its 
passage around the nervous cords each of the branches of the 
saccular trachea receives a large nerve, which passes along be- 
tween the outer coats of the vessel and sends off branches to 
the sacculi and the ' dendritic' bodies to be hereafter described. 
The ramal trachea after its bifurcation pursues a similar 
course to the saccular, the braoches running in juxtaposition 
with those of the saccular trachea for about 0*15". They then 
commence to divide dichotomously, and continue so to do until 
the ultimate leaflets of the dendritic bodies are attained. The 
ramal trachea in its whole length and the saccular in certain 
parts are invested with a hyaline membrane, between which 
and the proper tunics of the trachese is a space filled with nu- 
cleated elliptic bodies (about the size of lymph corpuscles) and 
a granular yellowish-white material. This hyaline and corpus- 
cular investment is of varying thickness, but is far more de- 
veloped upon the ramal than upon the saccular tracheae. En- 
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veloping the finest branches of the ramal tracheae it accompanies 
them throughout their somewhat convoluted course until they 
have arrived at their ultimate ramifications, where it appears to 
form the chief substance of the cordate leaflets of the dendritic 
bodies (fig. 2) into which the ramal tracheae expand. 

The two delicate arborescent bodies thus formed, designated 
in modem hand-books* the ' salivary glands,' are, in the adult 
insect, about 0*45" in long diameter, or upwards of one-third 
the entire length of the animal. The comparative size is much 
less in the young insect. By their upper and inner surface 
they are applied to the under part of the oesophagus, and are 
retained in their position to a great extent by the ramifications 
of the oesophageal tracheae over their surface. These oesopha- 
geal tracheae pursue a course distinct from the ramal trachea, 
and nowhere enter the substance of the bodies in question. 
Between the two secondary branches of the ramal trachea, on 
either side, is placed the corresponding sacculus of the saccular 
trachea. A delicate net- work of fibres connects the sacs with 
the leaflets and the latter peripherally with one another. These 
fibres were at first supposed to be bands of connective tissue, but 
may possibly be nerve fibres. They anastomose frequently with 
each other at short intervals, and contain in their interior occa- 
sional deposits of pigment matter with oval and stellate nuclei 
and granules. The fibres can be traced passing beneath the ex- 
ternal hyaline coat common to the sacculi and leaflets, and they 
then seem to be assimilated to the inner coats of the sacculi 
and leaflets. 

What can be the functions of these dendritic bodies? We 
are forced to set aside the hypothesis that they are in any way 
connected with the production of saliva for the following 
reasons : — 

1. The position of the orifice of the common trachea upon 
the posterior and under surface of the lingua, and therefore 
external to the true oral cavity. 

2. The so-called 'common duct' presents simply the ap- 
pearance of an ordinary trachea, both as regards the spirally 
corrugated arrangement of its internal coat, which of itself 

1 Cf . Bolleston, Fomu of Animal Life^ p. 200 (1870). Huxley, An Introduce 
Hon to the Classification of Animals, p. 57 (l®6d)» ^' complures alios. 
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points to its function as the transmitter of a gaseous fluid* 
rather than a liquid, and the nucleated appearance of its outer 
coats. 

3. It can be readily shewn that all the branches of the 
ramal and saccular tracheae open into this common vessel, 
wherefore any fluid in one part will probably find its way into 
any other. Thus, if we shew that the 'common duct' transmits 
a gaseous fluid (such as air), all portions of this system will 
probably contain that fluid. 

4. If the so-called 'salivary receptacles* were intended for 
the retention of a liquid secretion, we should expect to see 
some of this fluid occasionally within them. In upwards of 
thirty dissections made by me, these sacs have, upon opening 
the thorax, always been found collapsed and apparently empty. 

5. That the 'common duct' together with the 'receptacles' 
contains an elastic fluid is proved by the fact that it is possible 
to inject them by using the method employed to inject the air- 
tubes of the body generally: that is, by placing the insect im- 
mersed in a suitable liquid beneath the exhausting receiver of 
an air-pump. 

6. The collapsed condition of the sacculi is such as would 
of necessity result upon opening the thorax, supposing these 
delicate bodies contained air previously, or at all events a 
gaseous fluid freely communicating with the air. 

7. We have no reason for supposing this fluid is other 
than air. 

I have thus attempted to shew how unfitted these sacculi 
and vessels are for the retention and transmission of any liquid 
secretion, and how well adapted they are, on the other hand, 
for the function of aeration. If the dendritic bodies, therefore, 
are of a glandular nature, they belong to the category of duct- 
less glands. 

^ Ezoluding the so-called ' saliyary ducts,' I can find no instance in insects 
of a vessel with a spirally cormgated inner membrane, formed for the transmis- 
sion of a liquid secretion. The * false trachese' observable in the probosoides of 
some insects differ both anatomically and physiologically from trachea. (Cf. 
Lowne, Anatomy and Physiology of the Blow-Fly, 1870.) 
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DESCRIPTION OF THE FIGURES, 

Fig. I. Labium of the cockroach, shewing the origin of the 
common trachea. 

a. One division of the bifurcating saccular trachea ; 

h. Ditto of the ramal trachea ; 

c. Anterior surface (dorsum) of lingua; d is placed over the 

orifice of the common trachea; 
ee. Sublingual palpi; 
^. Labial palpi; 
g. One of the divisions of the true bifid labium. 

Fig. II. A portion of the dendritic bodies, shewing the rami- 
fications of the ramal trachea and their expansion into leaflets. 
At ^d* the investment is seen to be continuous with the substance 
of the leaflet. (This specimen had been steeped in glycerine for 
upwards of six years, and did not shew the dichotomous divisions 
of the trachea distinctly. The network of (nerve 1) fibres is however 
shewn at ' 6, 5.') 

Fig. III. A portion of the common trachea near the oral orifice. 
The spiral corrugations of its internal coat are apparent, and at the 
circumference (a, a) the hyaline outer coats can also be seen. 

Fig. IY. Under (or posterior) sur&ce of the lingua; a, the 
common trachea; &, the sulcus; c, the orifice of the common tradiea; 
the softer membi*anes appear to be attached to a firm chitinous 
framework. 



OBSERVATIONS ON PHYSIOLOGICAL CHEMISTRY. 
By James Blake, M.D., F.R.C.S., San Francisco, Caii- 
fomia. 

The object of the following observations is to consider the 
bearing of some recent chemical discoveries on physiology, and 
to call the attention, not only of physiologists, but of chemists, 
to certain facts which I think show that in living substances we 
possess reagents which may be made available for investigating 
the chemical properties of other compounds. Before, however, 
entering on the direct subject of my communication, I would 
offer a few remarks on the method that is being followed in 
studying the chemistry of living compounda Owing to the 
complex nature of these investigations it is most important that 
a right method should be pursued in conducting them. Here, 
as in every other branch of scientific research, the only true path 
to pursue is by gradually proceeding from the more simple to 
the more complex, and thus arriving by slow but certain steps 
from the known to the unknown; and yet in no other depart- 
ment of scientific research is this simple rule so completely 
ignored as in physiology. How large a share of physiological 
inyestigation is devoted, for instance, to researches on the 
nervous element, one of the most complex of Hving substances, 
and one whose properties are probably the most dissimilar from 
those substances with the chemistry of which we are best 
acquainted. After making so unfortunate a selection as regards 
the field for investigation, physiologists have, I believe, been 
equally at fault in the choice of their reagents, these having 
been selected from amongst substances with the chemical and 
physical properties of which we are most ignorant, fully justi- 
fying the assertion of Drs Brown and Eraser at the beginning 
of their interesting memoir "On the connection between chemi- 
cal constitution and physiological action," &c. {Joum, of Anat 
ami Physiol. Vol. il.), where they state, "Unfortunately we know 
next to nothing of the constitution of the majority of those sub- 
stances, the physiological action of which has been most care- 
fully investigated." What would be thought of a chemist, who, 
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about to enter on the investigation of a new class of compounds, 
should make such an assertion regarding the reagents he was 
about to employ. The analogy between such investigations and 
those pursued by the alchemists in the middle ages becomes 
apparent if we substitute the term philosopher's stone for reme- 
dies, and transmutations for convtUsions, paralysis and deaOi. A 
fact, undoubtedly, is occasionally ascertained, which has some 
practical value, as was the case in the researches of the alche- 
mists; but had the time and labour devoted to such investiga- 
tions been given to a more methodical pursuit of the subject, 
there can be no doubt but that far greater progress would have 
been made, and we should not, as at present, find so large a 
space in physiological literature taken up in refuting the errors 
of previous observers. I believe it is only by selecting our 
reagents from amongst the more well-known inorganic com- 
pounds, and using them in the first place to investigate the least 
complicated reactions of living substances, that we can arrive at 
truths which will serve as the basis for further progress. The 
results that I have myself obtained by the use of these reagents 
proves, I think, how available they are for physiological investi- 
gations. A few experiments with these inorganic compounds 
suffices to show that all the salts of the same base produce 
analogous effects when introduced directly into the blood; and it 
required but a more extended series of experiments with the 
same substances to discover the law that their physiological 
action is connected with their isomorphous relation. In c^- 
ing out these researches I meet with many interesting facts, 
the further investigation of which I feel confident would open 
out a rich field for physiological research, but which I was 
unable to. follow up on account of the great number of experi- 
ments required for even a preliminary survey of the subject 
I was investigating\ 

^ Twenty-five years ago, in a paper read before the British Association for 
the Advancement of Science, I observed, ** The fact that we now possess the 
means of producing well-mari^ed and definite n^odifications of some of the most 
important physiological properties of various organs, and this top by means of 
reagents, the laws governing whose action we are acquainted with, places in our 
hands an instrument for discovery which has hitherto been wanting in physio* 
' logical investigations. The enumeration of some of the effects that can be pro- 
duced on the more important functions, will, I trust, suffice to lead others into 
this rich field of enquiry. As regards the functions of the heart, we can anni- 
hilate or increase its irritability, quicken or diminish its pulsations, render 
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In regard to the bearing of recent chemical investigations on 
physiology, I shall confine myself to calling attention to the facte 
that have recently been discovered in the chemistry of the 
hydrocarbons and ammonias, as to the importance of the form in 
which the elements of these compounds are arranged as deters* 
mining their chemical properties. In these substances almost 
an infinite number of compounds can be formed by substitution, 
many of which, although formed by exactly the same groups of 
atoms, yet possess different properties. For instance, by substi- 
tuting in the benzyle atom (Cg Hg) two atoms of H by two of 

afCOOH) 



carboxyle (COOH) we have a body composed of rr jpoOTTl' 

These elements form three distinct compounds, although there 
can be no doubt but that in all the three compounds the same 
combination of atoms exists, so that in each compound we have 
the group (CeHJ and two of the group (COOH), the differences 
in their properties depending on the position occupied by the 
carboxyle atoms in relation to the benzyle residue (CqH^). 

The importance of the relative position occupied by the 
atoms in these organic compounds would tend to connect their 
chemistry with that of living substances, as I think there can be 
but little doubt that the relative position of the atoms in these 
bodies determines the form of the compound atom ; and I have 
shown that in living substances the reactions that take place 
when they are treated with inorganic reagents, are more depend- 
ent on the isomorphous or form-element* of the reagents than 

• 

them regular or irregnlar, augment their force or render them weaker, destroy 
the irritability of the auricles, whilst that of the ventricles remains ; keep up the 
circulation of the blood many minutes after every other sign of life has disap- 
peared, and this too more actively than when respiration was being carried on ; 
we can facilitate or arrest the passage of the blood through the pulmonary or 
systemic capillaries, produce important modifications in the functions of tho 
brain ; in EJiort, the injection of inorganic substances directly into the arteries 
and veins enables us to modify all the more important functions of the body; 
and this, as before stated, by reagents, the laws of whoBO action we can fairly 
hope to discover. My reason for neglecting the closer investigation of these 
Interesting phenomena, was a determination fully to establish the law of the 
analogous action of isomorphous substances. This having been accomplished, 
I shall now direct niy researches to the elucidation of these secondaiy ques- 
tions." (See Report of the British Association for the Advancement of Science for 
1846.) Circumstances prevented my carrying out this intention, but I certainly 
am surprised that those who are more fortunately situated have not directed 
ti^eir attention to the subject. 

* It wiU perhaps render my meaning clearer if I give an example of what I 
mean by the form^element in chemical compounds. If we take, for instance, 

VOL. V. 17 
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on their ordinary chemical properties. The susceptibility of 
living substances as reagents for the form-element of a body, 
will, I think, render them available for determining the consti- 
tution of isomerous organic compounds — an investigation often 
attended with much difficulty by ordinary chemical reagents. 
A striking example, showing the availability of living substances 
for chemical investigations, has just presented itself. Soon after 
the discovery of thalium, Claude Bernard made experiments by 
injecting some of its salts directly into the blood. On finding 
that the reactions produced were not analogous to those caused 
by the salts of potash (with which substance thalium was then 
supposed to be isomorphous), he arrived at the conclusion that 
the law of the analogous action of isomorphous substances was 
not true. At the time I doubted the correctness of the chemi- 
cal or physiological fact. Rammelsberg has lately shown that 
this supposed isomorphism between potash and thalium does 
not exist ; that thalium is probably a bivalent element, and that 
it forms an oxide ThgOj analogous to ferric oxide. {Chemisches 
Central'BlaU No. 1, 1871.) The experiment of Claude Ber- 
nard, had he been able to interpret it correctly, pointed to this 
conclusion many years before the discovery of Rammelsberg ; 
and, instead of furnishing any evidence against the law I had 
pointed out, offers another example of its correctness. I feel 
confident that carefully conducted physiological experiments 
will furnish chemists with the easiest means of determining the 
isomorphous relations of those substances whose classification in 
this respect have not yet been ascertained* 

nitrate of silver and nitrate of soda, we find them very dissimilar in their ordi- 
naiy chemicskl properties, so that they can rarely replace each other as reagents 
in chemical investigations. When, however, we mix them with living matter, 
they give rise to analogous reactions, and on seeking what property they possess 
in common that may explain this ansklogy, we find that they are isomorphous, 
or that their compounds tend to assume the same form, so that this form- 
element appears to be the predominant influence in their physiological re- 
actions. 



ON A PECULIAR ADDITIONAL DIGASTRIC MUSCLE. 
Bt J. B. Ferrin, Demomtraior of Anatomy, Kin^a College, 
London. 

In a moderately muscular female, cet 70, disaected in King's 
College Anatomical Rooms during the present session, I found 
a peculiar muscle which I had not previously met with. It was 
a two-bellied muscle. The anterior belly (Fig. 1 A) was 
divided into two longitudinal portions by an imperfect areolar 
interval: of these two portions the inferior was attached to the 
greater and lesser comua of the hyoid bone, extending aa far 

Rg. 1. 



Belt. Fig. 1. A, A', peculiar digaatrlo muscle, (a) Intsma^ wrotid artery 
(out). (6) Eitemal carotid, {e) Lingual artery, (d) Facial. («,/) Hypo- 
kIomoI nerre. tff) HyogloBSiu mnBole. (A) DigaBtrin aiid Btylo-hjoia moaotM 
^at of position}, (i) Uiddle constriator. (I) Stento.cleido-maBtoid. 

17—2 
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forward as the body, passing behind the hyoglossus muscle, and 
lying between it and the middle constrictor muscle of the 
pharynx, being closely associated with the latter muscle. The 
superior portion of the anterior belly did not extend so far for- 
wards, but terminated in a fascial expansion over the antero- 
lateral aspect of the middle constrictor muscle, immediately 
above the preceding. The anterior belly was crossed superfi- 
cially by the lingual and facial arteries, and by the continuation 
of the external carotid above these branches. It then emerged 
from between the external carotid and the occipital arteries, 
close to the origin of the latter, and passed in a direction 
obliquely upwards, outwards, and backwards. It then crossed 
the occipital artery, the hypoglossal nerve and the internal 
jugular vein, lying immediately below, and almost parallel with 
the posterior belly of the digastric muscle. It continued its 
course between the parotid gland and the stemo-cleido-mastoid 
muscle, crossing superficial to the latter, — a short tendon of 
intersection intervening between the two bellies at this point. 
The hinder belly was inserted into the fascia covering the occi- 
put immediately over the external occipital protuberance, super- 
ficial to the trapezius muscle. The anterior belly was a little 
larger than the posterior: it ^as less than a quarter of an inch 
wide. This muscle was present on both sides. That on the 
right side was smaller than that on the left. Figure (1) is from 
a sketch of the muscle, with its relations, made from the subject 
by Mr. Sherwin (Artist). 

In another fairly muscular female I met with a similar, but 
a smaller specimen. In this instance it was present on the 
right side only, and terminated at the great comu of the hyoid 
bone. In both cases the digastric and stylo-hyoid muscles were 
present, and presented their normal arrangement. 

In a third female subject I found another variety of this 
muscle. It consisted of a slender muscular band (Fig. 2 f), 
four inches long, and a line and a half wide, which arose by a 
strong, flat tendon, a little more than a quarter of an inch wide 
and half an inch long, from the mastoid process of the tempoi-aJ 
bone, and the adjoining portion of the superior curved line of 
the occipital bone ; situated between the stemo-cleido-mastoid 
muscle (A, i) (which was smaller than usual), and a large* and 
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well developed cleido-occipital muscle {g). It crossed super- 
ficially to the sterno-cleido-mastoid, in a direction downwards, 



Fig. 2. Left side—female. Befs. (a) Slip from posterior belly of digas- 
tric to hyoid bone, (fi) Slip from middle constrictor (d). {c) Posterior bell; of 
digastric cot through and tnmed up. (e) HjogloBsus muscle. (/) Ocoipito- 
liyoid slip, (y) Cleido-occipital. {h, i) Stemo-aleido-moBtoid, {k) Sth nerve. 
{I) Internal jugular rein, (in) Facial vein cut through. 
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forwards and inwards, and traversed the upper aspect of the 
carotid triangle lying upon the sheath of the carotid vessels, 
and was finally inserted into the body of the hyoid bone, imme- 
diately above the omo-hyoid muscle. This slip received, close 
to its insertion, an accessory muscular band (a), an inch long 
and two lines wide, which was detached from the lower border 
of the posterior belly of the digastric (c). The latter was still 
further complicated by the addition of a muscular slip (6), a 
little more than an inch long, which arose as a differentiation 
from the middle constrictor muscle of the pharynx {d), imme- 
diately above the great cornu of the hyoid bone. It passed 
almost directly forwards, and joined the posterior belly of the 
digastric close to the commencement of its tendon. The 9th 
nerve intervened between it and the great comu of the hyoid 
bone. This muscle occurred on the left side only. The stylo- 
hyoid was wanting. On the right side the digastric and stylo- 
hyoid preserved then- normal arrangement. 

I also found a smaller and aborted specimen of the occipito- 
hyoid slip in a muscular male. It arose from the superior 
curved line of the occipital bone, posterior to the cleido-occi- 
pital, which was again present. It crossed the upper part of 
the stemo-cleido-mastoid superficially in an arch-shaped man- 
ner, and was inserted into the lower and back part of the 
auricle, along with the lower fibres of the retrahens aurem 
muscle. The latter muscle, as well as the attollens, were, in 
this instance, continuous at their origin with the posterior belly 
of the occipito-frontalis, diverging from it as finger-like slips, 
as they passed forwards and outwards towards the auricle. 

Professor Wood has described and figured a variety of this 
muscle (Proceedings of the JRoyal Society, p. 522, No. 93, 1867) 
under the name of mylo-glossus. " It arose tendinous from the 
inner border of the lower jaw, and was inserted into the fibres 
of the tongue between the stylo and hyoglossus muscles, joining 
especially the latter." Mr Wood states that Henle saw a cylin- 
drical muscle arising from the same place, and joining the pos- 
terior belly of the digastric {Mvskellehre, 5, 112). The last- 
mentioned peculiarities are evidently analogous to the stylo- 
hyoid muscle of birds, closely according in origin and in in- 
sertion with that of the anterior division of the stylo-hyoid. 
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As regards the four varieties which I have described, I am in- 
clined to believe that they are simply anomalous forms of the 
same muscle, I have met with the occipito-hyoid slip in the 
common seal. It arose, however, from the mastoid process of 
the temporal bone, immediately behind the auricle, superficial 
and external to the stemo-mastoid muscle. It crossed the 
large digastric muscle, and terminated in the hyoid bone, close 
to the outer fibres of the hyoglossus muscle, having the hypo- 
glossal nerve immediately above it, and the omo-hyoid muscle 
below it. This muscle is figured and described in Cuvier and 
Laurillard's plates of the common seal as the masto-hyoid 
muscle. In the specimen which I dissected — and apparently 
from the figure of it in Cuvier s and Laurillard's work — this so- 
called masto-hyoid did not pass beneath, but superficial to, the 
hyoglossus muscle, as the inferior portion of the anterior belly 
of the irregularity shewn in Figure 1 A; but simulated more 
the 2nd and 3rd specimens described. 

Douglas, in his Myographia Comparata, describes a muscle 
in the dog — *the inio-cerato-hyoideus* — which arises from the 
occiput, and is inserted into the longest process of the os-hyoides 
(p. 38). The same muscle is also described in Cuvier and Lau- 
rillard's work [Myohgie de la Hyhne Bayde), "Outre ces stylo- 
hyo'idiens il existe un petit ruban musculaire tout a fait exteme 
qui se rend de Tapophyse mastoidien k Tos hyoide (il est indiqu^ 
S.S., PL 131, 132)." 

Professor Wood says that he has found a modification of this 
muscle in the cassowary, the Cape rat mole, the badger, and the 
hedgehog. I have examined the latter animal several times, 
but have failed to meet with anything simulating the prede- 
scribed muscle. I have examined the guinea pig, the Norwe- 
gian rat, the mouse (brown and white), the hare and rabbit, 
with similar results. All the afore-mentioned varieties find 
their primary homologue in the differentiated stylo-hyoid of 
birds. The muscle (Fig. 1 A) in the human subject, passing 
behind the hyoglossus, is seen to closely simulate the anterior 
of the three divisions of the stylo-hyoid in the bird (Fig. 3 g), 
which has also a similar arrangement, passing behind the hyo- 
glossus, to be inserted into the basi and glosso-hyals. 

The slip from the digastric muscle (a, Fig. 2) simulates the 
middle slip of the avian stylo-hyoid, and an aborted portion of 
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tiie normal mamiiialiaD stylo-hyoid ; the occipito-hyoid slip in 
Fig. 2 resembles more that of the posterior slip of the tLviaa 
stylo-hyoid — rather than its repreeeatative in Fig. 1 — ^the in- 
terior slip as prementioned. These aoomalous forms — and 
others deeeribed by otiier observers — of the stylo-hyoid, clearly 
indicate its tendency to aberratioD, both as to its p<Mat of origin 
and its general arrangement. It seems to have a tendeni^ to< 
wards a minti^, rather than a plus, grade of development in 
the higher animals; while the reverse is the case with the di- 
gastric muscle. The stylo-hyoid wastes, or becomes aborted, in 
its progress from the mandible towards the ocoipnt; while the 
digastric increases in size and power as it becomes directed into 
two muscular portions, and attains a hyoid as well as a maxil- 
lary attachment. The latter is evidently slowly, but gradually, 
efiEacing the former, l^e comparative infrequency of double 
stylo-byc4d in the human subject and its minus tendeiu^ seem 
to afford strong evidence in favour of such a view. 
Fig. 3. 



BefR. to Fig. 3. Muscles of the mandible and hyoid, &e. of the giej parrot 

(Puittaoufi oiythoooB). 

((!") Digastric ;biventer maxillte of Owen). (/) Stylo-hyoid, diTiding into 
tbtPe portions : anterior (i^), middle (ft), and posterior (i), 

K.B. These are supported in the jigitic by bdidJI bristles. 



OBSERVATIONS ON THE PHYSIOLOGICAL ACTION 
OF THE HYDROCHLORATE OF COTARNAMIC 
ACID. By J. WiCKHAM Legg, M.D. 

The substance which has been called the hydrochlorate of co- 
tamamic acid is obtained by the action of hydrochloric acid 
upon cotarnine, a derivative of narcotine^ Some of this sub- 
stance was placed at my disposal by the late Dr Matthiessen, 
and an abstract of some of the earlier experiments was pub- 
lished last autumn*. Since that time further observations have 
been made; but they are still*imperfect, as the quantity of the 
poison in my possession was not enough to complete the series 
of experiments. An attempt to prepare more of the hydro- 
chlorate unfortunately failed. The substance which Dr Mat- 
thiessen gave to me was of a dark green colour and very easily 
decomposed, even by hot water. It was not freshly prepared, 
and had probably been kept since 1863. 

The experiments divide themselves into five groups: (1) the 
first rough observations; (2) the observations on absorption 
from the stomach ; (3) effects on the motor nerves and volun- 
tary muscles; (4) on the alterations in the blood pressure; and 
(5) on the regulating nervous system of the heart. The obser- 
vations here recorded were made solely upon dogs, and upon 
frogs (B, temporaria). 

I. The earlier experiments. 

A dog, too large for any weighing apparatus to which I then had 
access, but which much resembled a greyhound in size and stature, 
had *2 gr. of the poison injected under his skin on July 22, 1870. 
The dog took food well, and seemed in his usual health until July 26, 
when further observations were made. From 11.20 A.M. to 12.15 p.m.^ 
'4 gr. were injected under the skin eveiy 10 minutes, making in all 
2*4 gr. injected. No vomiting or defoecation occurred. During tlie 
rest of the day, up to 5 p.m., the dog was quite brisk. On July 27, 
early in the morning, the dog refused the food given him, but in the 
afternoon he ate biscuit with eagerness and seemed quite lively. But 
the next day (July 28) the dog was much indisposed to move ; there 
were considerable muscular weakness and difficulty in ktanding. 
Flickeiing contractions passed every few seconds over the more pro- 
minent muscles. On July 29, the weakness and flickering contrac- 
tions were more pronounced. The dog was restless and frequently 

^ Matthiessen and Carey Foster, Phil. Trans. 1863, p. 860. 

3 Wickham Legg, S. Bartholomew's Hospital Beports^ 1870, p. 98. 
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fell in walking. The water that he took was speedily vomited. The 
intellect seemed pei-fect : when caressed, he feebly wagged his tail. 
At noon the pulse was 152, and respiration 12 in a minute; the 
pupils were natural. At 3 p.m. the dog was quite unable to rise 
on his legs. To the hand he felt cold. Pulse 140, reap. 14 in a 
minute. At 9 a.m. on July 30, the dog was found lying on his side, 
extended, with eyes half closed and tongue hanging from mouth. At 
10.30 A.M. he was insensible to any ordinary stimulus. Pulse 24, 
resp. 5 in the minute. On pressing the chest, spasms of muscles of 
trunk came on, lasting about 10 seconds; the muscles of the limbs 
remained free. The dog died between 12.45 and 1.10 p.m. The exa- 
mination was made at 1.30. The rigor mortis had not begun, but 
the animal was quite cold. The muscles were still irritable to the 
stimulus of the knife. The great veins of the head, chest, and 
mesentery were full of blood. The right auricle was full of blood : 
the left comparatively empty. The lungs were slightly hypersemic. 
The mucous membrane of the duodenum and of the jejunum for 
two-thirds of its length was of a deep red colour, much swollen, 
and too easily torn with the nail. The rest of the organs were 
natural. 

Into a dog weighing 8 lbs., 2*1 gr. were injected at noon on 
July 7, 1870. Violent vomiting and purging immediately followed. 
But these soon passed off; and the dog seemed quite well till the 
evening of July 8, when symptoms similar to those described above 
came on, and the dog was found dead at 9 a.m. on July 9. In another 
observation, 2*75 gr. were injected into a dog weighing 15 lbs., at 
3 P.M. on July 7. The dog vomited and was purged immediately 
after: the rest of the afternoon and following day he was quite well; 
but on July 9, weakness and trembling came on, as described above, 
and the animal was found dead on the morning of July 11. 

In another experiment, a well nourished bitch, weighing about 
25 lbs., was used. Observations were made on the temperature, pulse, 
and respiration. On August 5, 1870, at 11.22 a.m. the temperature 
in the vagina was 101° F. By some unfortunate forgetfulness the 
pulse and respiration were not taken. At 11.25, 5 grs. of the hydro- 
chlorate of cotamamic acid dissolved in 5 fluid-drachms of water 
were injected under the skin. This was finished at 11.40. 
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At 11.55a.m. there were several attempts to vomit: after that 
time, the dog remained perfectly quiet. At 4 P.M. flickering contrac- 
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tibns of the miiscles were noticed ; they lasted that evening as long 
as observation was continued. The power of walking or standing 
was in no way impaired Observation was discontinued at 8 p.m. 

Angost 6. Temp, in rectum. Resp. Pulse. 
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In the morning flickering contractions were again noticed. At 
2 P.M. the dog when placed on its side was scarcely able to get upon 
its legs again. At 4.30 p.m., 5 grains of the poison dissolved in 2 
fluid-drachms of water were again injected under the skin. A simi- 
lar dose was repeated at ^p.m. Since the morning no flickering con- 
tractions were noticed. 

At 8 p.m. the dog was lying on its side; the limbs retaining 
whatever position they might be placed in; there was no spasm or 
rigidity: the intelligence was peifect^ the eyes were widely open 
and followed the movements of the observer. . When, the cornea was 
threatened by the finger, the eyelids instantly shut; but the dog 
might be kicked, the skin of the trunk pinched, or hairs pulled out, 
without any sign of feeling being made. At 8.30 p.m., T. 99°'&, R. 20, 
P. 128. At 9.15 p.m. no alteration of this state had occurred; at 

10 P.M., T. 99", R 14, P. 120. At 10.30 also no alteration. But at 
10.45 the limbs became rigid when handled ; and there was no spasm 
when the cornea was touched : T. 97**, R. 18, stertorous, P. 120. At 

11 P.M. when the chest was gently tapped, spasma occurred in body 
and limbs. At 11.30, T. 94^*8, K. irregular, 4, 5, 6, in successive 
quarters of a minute, P. 120. At 12 midnight, T. 94'-6. At 12.30 
the dog began to howl after vomiting ; and at 12.50 am. the dog was 
dead* Immediately after death temperature in rectum was 94*''6 F. 

To ascertain the length of time which would elapse between the 
introduction of the poison and its effects in cold-blooded animals, I 
injected ^ gr. in solution under the skin of three strong active frogs. 
No change in the frogs was noticed until the 7th and 8th days, 24 
and 48 hours before death. There was at first muscular relaxation, 
the reflex irritability remaining. On the last day of life the re- 
flex irritability disappeared in all three frogs, while the muscular 
relaxation was complete. It was easy to produce acute poisoning 
by injecting \ gr. into the abdominal cavity. In a few minutes the 
frogs were under the influence of the poison, and death occurred in 
from two to three hours. A comparative experiment of injecting 
an equal quantity of water into the abdomen was unattended by any 
results. 

IL With a view to ascertain if the poison would act if 
introduced into the stomach, the following experiments were 
made^ 
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A dog weighing between 20 and 25 lbs. was used. On Oct. 25, 
1870, *5 gr. dissolved in a fluid- ounce of water were injected into the 
dog's stomach after a fast of 24 hours. No effect was noticed; and 
on Nov. 1, 2 grains dissolved in the same quantity of water were 
injected into the stomach. The dog remained in perfect health ; so 
on Nov. 8 at noon, 6 grains dissolved in 2 fluid-ounces of water were 
injected into stomach. Contrary to my wishes, the animal had been 
fed at 9 o'clock, and I did not know of this till af^r the injection 
had been made. Nothing remarkable occurred till Nov^ 19 ; the dog 
took food eagerly and seemed quite well. But on the morning 
of Nov. 19, when the attendant went to take him out of his kennel, 
he noticed that the dog came out with reluctance, and that his hind- 
legs were weak. The dog took food, but not with his usual voracity. 
The pupils acted well to light : but the skin was moved with flicker- 
ing conti*actions, much as if the animal were shivering. The next 
day the dog had lost all these symptoms ; and after five days he was 
sold. 

On Nov. 2, 1870, *3 gr. in solution and suspension were injected 
into the stomach of a middle-sized active frog. The frog remained 
active and brisk until Nov. 7, when ho was found lying in water with 
his muscles relaxed. He was put under a bell jar, and next morn- 
ing (Nov. 8) at 11 was found dead and stifll 

It should be mentioned that all the frogs which were used 
in the foregoing experiments were taken from a batch of 25 
bought in the middle of October. Saving those which, when, 
they were bought, had already received great injury to their 
limbs, none died from natural causes. About half a dozen 
were kept till the beginning of February, and they were active 
and in apparent good health when they were used for some 
other experiments. From this reason I am inclined to be- 
lieve that, although the administration of the poison and 
any apparent results were separated from each other by several 
days, yet that the symptoms in all the frogs were really due to 
the absorption of the hydrochlorate of cotarnamic acid. With 
regard to the dog, it would seem more probable, as digestion 
was in full action, that the poison was decomposed, and that the 
symptoms, 10 days after the injection of the poison, although 
like those following the subcutaneous injection of cotarnamic 
acid, were caused by some passing indisposition. Further ob- 
servations on this point would have been very desirable. 

III. In order to ascertain the action of the poison upon 
the motor nerves and voluntary muscles, I made the following 
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observations upon frogs, employing the method used by Claude 
Bernard* iti his experiments on woorara. 

a • • • 

Dec. 2, 1870. The iachiatic nerve above the knee of a frog 
having been isolated and the other aofl parts tightly ligatured, *5 C.C. 
of a 2 per cent, solution of the poison were injected into the abdomi- 
nal cavity. In a few minutes the muscles of. the frog were perfectly 
relaxed. Direct irritation of the .muscles with Pulvermacher's electri- 
cal forceps produced contractions on both sides ; those on the ligatured 
side being a little weaker than those on the free. Phe same kind of 
irritation to the nerves produced the same contractions. Electrical 
irritation of the brain and spinal chord produced a.ctive contractions. 

The same observations were repeated in another frog with the 
same result& 

These two experiments seem to show that the poison has 
little influence on the irritability .of the ends of the motor 
nerves; or, when acting acutely, of the voluntary muscles. In 
Exp. I. the muscles in the dogs wfere Usually found shortly 
after death irritable to mechanical stimi;ili: not so, however, 
the muscles of the frogs; in them the muscular irritability dis- 
appeared very shortly after death: for although the animals 
were examined immediately that the heart's action could be 
ascertained to have c€liEts.ed, yet the muscles even then oould 
not be made to contract. 

IV. There is, unfortunately, only one observation upon the 
alteration in the blood-pressure. For the opportunity of mak- 
ing this experiment I am indebted to Dr Sanderson, who, with 
his usual kindness, placed his kymograph and instruments at 
my disposal. To my friend and colleague,- Dr Brunton, my 
best thanks are due for the greatest assistance throughout the 
whole of the experiment; to him indeed is owing all the success 
which the observation may have attained. 

Nov. 25, 1870. Canula in carotid of a bitch weighing 6 "3 kilo. 
Tracheotomy was done at 4.30 p.m. 

Blood Pulse Besp. 
Pres. in 15". inl6". 

Before the poison was injected . . 146 — 29 ' 



« li tt (( 



126 — 19 



4 . 47' -02 grm. dissolved in 1 C.C. 
of water injected into ex- 
ternal jugular vein. 

4.47'. 6"^ ..... 76 

^ Bernard, LegoTU sur Us Substances Tgxiques, Paris, 1857, p. 320. 
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6.30' 
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Blood Pulse Besp. 
Pres. in 16". in 16". 

5.34' . . . . . 93 — 12 

5.37 100—14 

5.4r 94 — 18 ■ 

5.49' 80 — 18-5 

5. 49'. 30" .... 102 

5.50^ 73 

5. 50'. 40" .... 105 
5. 50'. 50" ..... 86 

5.51' ..... 80 

5. 51'. 20" 102 

5.51'. 38" .... 100—17 

In this experiment it was only occasionally that the number of 
heart-beats could be counted. There was a notable diminution of the 
blood-pressure as soon as the poison was injected into circulation: 
and this became extreme between 5 min. and 6 min. after the second 
injection, the pressure sinking to 10 and 12 mm. After the third 
injection the blood-pressure varied from 105 to 73 mm., rising and 
falling in continuous curves, but showing np such decided drop as 
after the first or second injections. 

V. This experiment upon the vagus is simply a continua- 
tion of the preceding Exp. IV. 

Blood Pulse Besp. 
Pres. in 16". inl6^ 

5.57' Section of vagus . . 106 — 24 

5. 57'. 15" 90 

5. 57'. 45" ..... 106 

6 . 3' Bight vagus irritated by 

induced current. — 

6. 4'. 30" Irritation stopped . . _ 40 

7 Respirations in 1'. 30". 
6.21' 45 20 

Irritation was now again applied to vagus. Respiration ceased j 
bat the heart continued to beat 45 times in 15". 

The vagi of the frogs used in Exp. III. were prepared and irri- 
tated by means of the electrical forceps. No alteration in the fre- 
quency of the heart-beats happened. 

These experiments show that, after poisoning by this sub- 
stance, irritation of the cardiac end of the divided vagus pro- 
duces no change in the number of the heart's contractions. 

Eesrdts : — (a) After the injection of 2 to 2*75 grs. of the hy- 
drochlorate of cotamamic acid under the skin of dogs, death 
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follows in from 36 to 72 hours, symptoms first appearing 24 to 
36 Hours after the injection. 

(6) Acute poisoning has no effect upon the irritability of 
the ends of the motor nerves, or of the muscles themselves. 

(c) The blood-pressure is greatly diminished. 

_ m 

{d) The cardiac branches of the vagus are paralysed. 

The long interval between the injection of the poison and 
the appearance of symptoms is not peculiar to the hydrochlo- 
rate of cotamamic acid. Dr Letheby* has noticed the same 
phaenomenon after the administration of nitrobenzole to dogs 
and cats. ''The time that elapsed from the administration of 
the poison to the coming on of the first symptoms . . . varied from 
nineteen hours to seventy-two— in most cases it was about two 
days'." The long interval is probably due to slowness of ab- 
sorption, since in Exp. IV. when the substance was injected 
directly into the blood, obvious effects of the poison were ob- 
served in a few seconds. 

It would have been more satisfactory if all these observa- 
tions could have been confirmed by repeated experiment; and 
much more light could have been thrown upon the action of 
this curious poison, had a greater supply of the substance been 
at hand. Unfortunately, also, the paper in the Philosophicai 
Transactions, already quoted, does not seem to contain direc- 
tions for the preparation of the substance which are siiflSciently 
full. Several attempts have been made during the past winter 
to prepare the hydrochlorate of cotamamic acid ; but they liave 
all failed : and until the poison shall have again been prepared, 
the points suggested by the foregoing observations must remain 
in obscurity. 

1 Letheby, Proe. Roy. Soc, Vol. xii. p. 650. **0n the^ Physiological Proper- 
ties of Nitrobenzole and Aniline." 
s Letheby, op. cit. p. 554. 



ON THE CONSTRUCTION AND USE OF A SIMPLE 
CARDIO-SPHYGMOGRAPH. By A. H. Gabrod, St 
John's CoUege, Cambridge. 

It is evident that a precise knowledge of the intervals between 
the main elements of the cardiograph and the sphygmograph 
trace must be of value in studying the hydrodynamics of the 
circulation of the blood; and a description will be here given of 
an instmment by which several results of interest have been 
obtained on this subject. 

This cardio-sphygmograph consists of a piece of board, ten 

inches long by five and a half inches broad, and is about half 

an inch thick, along one side of which one of Marcy's sphygmo- 

graphe can be fixed, as shewn in the accompanying figure. On 

Fig. I. 



the opposite side to this is a spring (a), similar to that em- 
ployed in the sphygmograph, which is attached to a moveable 
support (J), so that its strength may be modified. A small 
ivory pad (c) is fixed to the lower surface of the free end of 
the spring, and this is in communication with the recording 
lever of the cardiograph apparatus by means of a silk thread 
((f). In this instrument the cardiograph lever (c) is very light, 
a little over two inches long, and connected to the board by 
means of a frame {/), which is just free of the moveable pai-t 
of the sphygmograph, when that is in position. The lever, 
which is one of the third system, is connected on either side, 
close to its fixed end, to two silk threads, one of which {d) is 
attached to the cardiograph spring, and the other to a small 

VOL, V. 18 
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spring {g), which moves it when it is less acted on by the 
stronger one. The apparatus is so arranged that the lever 
works perfectly when it is so placed as to be above the record- 
ing paper of the sphygmograph, when the latter is in position. 
The tip of the lever carries a steel pen {k). 

The apparatus therefore consists of a cardiogi'aph and of a 
sphygmograph, and these are so fixed that they both record on 
the same paper; and the object to be attained is to get them 
both to record at the same time, the one the movements of the 
heart's apex, the other the dilatations of the artery at' the wrist. 

To obtain this result the sphygmograph is first fixed, as 
usual, on the left arm, and the recording paper is adjusted to 
its place on the watchwork. With the cardiograph in the 
right hand, the left arm is then moved until the attached in- 
strument rests on the board in the position shewn in the figure, 
and when there, it is maintained in its place by certain pegs 
and holes in the board, which respectively come in contact with 
the main parts and receive the projections of the instrument. 

The arm and attached instruments are then moved until 
the pad of the cardiograph spring is brought in contact with 
the spot, generally between the 5th and 6th ribs, at which the 
heart's pulsations are most marked ; the position of the pad in 
relation to the board having been previously so fixed as to en- 
able this to be done with facility, the whole being maintained 
in the horizontal position. 

The contact of the cai-diograph pad with the chest wall 
causes the lever to recede from the chest, and it is allowed to 
do so until its pen arrives above the recording paper; the whole 
apparatus being steadied by the right hand. When the levers 
of the two instruments are both found to be moving freely, the 
watchwork of the sphygmograph is set in action by a string 
(m) held by the right hand, and at the other end connected 
with the stop-block of the train of wheels. The two levers re- 
cording on the smoked paper give a combined trace of which 
Figure II. is an example. 

As with simple cardiograph traces it is advisable and almost 
necessary to hold the breath while the trace is being taken, 
and further, to simplify the working of the instrument, the 
chest should be empty at the time. 
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Fig. 11. 



It is evident from the above description that the two levers 
write in opposite directions, and consequently this figure muBt 
be turned the other way up that the cardiograph trace may be 
properly seen, and then it must be read from right to left, not 
from left to right, as the sphygmograph trace. 

The commencement of the two traces is indicated by the 
curved lines to the left of each trace as they are looked at 
without moving the page, and these curved lines are produced 
by letting the levers move without the watchwork, whilst the 
instrument is being fixed in position. Synchronous points in 
the two traces must evidently be at equal distances from the 
starting points in the traces, and therefore the one can be pro- 
jected on the other by compasses or by superposition. 

In all cases it is necessary, both in the cardic^raph and in 
the sphygmograph trace, to project all the main points, such 
as the origin of the main rise, and the deepest point in the 
secondary fall, on to one line in the trace ; for, as the levers move 
in part of a circle, any point at the summit of the trace, if 
projected straight downwards, would not be correctly related to 
the lower parts of the trac& This correction is best made by 
a most simple arrangement; a fiat piece of board has a straight 
slip of wood fixed close to one edge; against this the tracing 
rests, being supported on the board. Two nails are fixed on 
the board, so that they bear the same relations to its supported 
trace as that did to the axes of the levers which marked on it 
in the cardio-sphygmograph. The marking apparatus consists 
of two pieces of string, each fixed at one end to the nails, and 
at the other carrying needles; these pieces of string must be 
of the same length as the levers to which they correspond, the 
points of the needles must pierce them, and the other ends of 
the needles must be attached to the naib by a thread to pre- 
vent them from moving irregularly. 

The cardio-sphygmograph can be best applied when the 
18—2 
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person using it is sitting, as it can then be made to rest on the 
tirm of a chair, and in practice it is better not to have the 
main part of the instrument press against the chest wall, as if 
it does the heart's movement imparts itself to the whole ap- 
paratus, and so complicates the trace. 

In considering the results arrived at by the use of this in- 
strument, it will be necessary to define a few of the terms that 
have to be employed in explaining them. 

(1) The first cardiac interval is that which occurs betweei^ 
the commencing systole and the closure of the aortic valve at 
the heart. 

(2) The first arterial interval is that which occurs between 
the indications of the commencing systole and the closure of 
the aortic valve in an artery. The radial artery at the wrist is 
the only one that is here considered. 

As the commencement of the arterial rise is somewhat later 
than the commencing systole at the heart, and as the differ- 
ence between the first cardiac interval and the first arterial 
interval is not great, these two events coincide in part of their 
duration, and give rise to minor divisions, which may be thus 
named and defined. 

(3) The first cardio-arterial interval is that which occurs 
between the commencing systole at the heart and its indication 
in an artery (the radial). 

(4) The conjugate cardio-arterial interval is that which 
occurs between the commencing systolic rise in an artery and 
the closure of the aortic valve at the heart. 

(5) The second cardio-arterial interval is that which occurs 
between the closure of the aortic valve at the heart and its 
inaication in an arteiy*. 

On comparing the lengths of the first cardio-arterial interval 
with different rates of pulse, it is found that as the pulse is 
slower, so this interval is longer, and that its length does not 
increase as rapidly as the pulse beat, but as its square root. 

^ In the above definitions it has been assumed that the sphygmograph trace 
gives indications of the closure of the aortic valves ; and in the measurements 
to be referred to below, the secondary rise, which puts so abrupt a termination 
to the major fall in each pulsation, is considered to be caused by the closure of 
these valves, as generally assumed; though Dr Sanderson has arrived at a 
different conclusion {Medical Times and Gazette, March 25, 1871), from evidence 
which seems to be anything but convincing. 
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Consequently if the number of times that the first cardio-axte- 
rial interval is contained in its component pulsation is repre- 
sented by z and the rapidity of the pulse by dj, then xz^^k.Jx, 
and measurements shew that the constant quantity k equals 39 
(or perhaps 39*25) for the sitting posture. A kuowledge of this 
equation, therefore, gives a means of calculating the length of 
the first cardio-arterial interval when the rapidity of the pulse 
is known; and as the first cardiac interval also varies as the 
square root of the pulse beat*, it is evident that from its defi- 
nition the first cardio-arterial interval must be a constant part 
of the first cardiac interval, whatever the rate, and this has 
been found to be the case by indepecdent measurement. An- 
other necessary result from these equations is, that the conju- 
gate cardio-arterial interval varies inversely as the square root 
of the heart's rapidity. 

The length of the second cardio-arteiial interval can also be 
found by subtracting the length of the conjugate cardio-arterial 
interval from that of the first arterial interval, which varies in- 
versely as the cube root of the pulse rate', and by this means it 
has been found to vary very little with diflferent rapidities of 
pulse, being a little longer in the slower pulses. 

In the sphygmograph traces of slow pulses the major descent 
of the first arterial interval is broken by a notch, and it is found 
that the deepest point of this notch is always exactly synchro- 
nous with the point of closure of the aortic valve. This leads 
to the almost necessary conclusion, that the subsequent slight 
rise or change in direction of the trace is the result of the si- 
multaneous movement of the whole column of blood produced 
by the shock of the closure of the aortic valve; the secondary 
rise at the commencement of the second arterial interval being 
the more slowly transmitted pressure wave, which stai*ted at 
the same time. This explanation being correct, it is evident 
that the results obtained, by measuring the number of times 
that the interval between the origin of the main arterial rise 
and the bottom of the notch in the major fall is contained in 
the first arterial interval, ought to give the same results as 

^ Journal of Anatomy and Physiology ^ Nov. 1870. <*0n Cardiograph 
Tracings from the human chest wall." 

* Proceedings of the Royal Society, No. 120, 1870. ** On th« relative dora- 
tion of the component parts of the TsyaiaX sphygmograph trace in h^th." 
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those obtained by dividing the calculated length of the conju- 
gate cardio-arterial interval into the first arterial interval. 
Such has been found to be the case very closely, but a sphyg- 
mograph trace must be a very good one to shew the notch in 
the first arterial interval sharply defined^ and the subsequent 
rise commencing abruptly. 

In all the cases above discussed it has been assumed that 
the subject from whom the traces were taken was sitting at 
the time, and as the length of the first cardiac interval changes 
for the same rate of pulse with change of position, it is evident 
that the equation given above (namely, xz = 39 *Jx) must be 
changed also ; and the change probably consists in increasing 
the value of the constant for the standing posture, as then the 
first cardiac interval is shorter, but still varies inversely as the 
square root of the heart's rate. 

The explanation given above of the cause of the notch in 
the first arterial interval, might lead to the expectation that the 
commencing cardiac systole indicates itself at the wrist in the 
same way; but there is no such marked change of direction in 
sphygmograph traces, though a slight rise is generally seen just 
before the main ascent originates, especially in pulse of about 
70 in a minute; and it is not improbable that the second rise 
in the extremely dicrotic pulse of adynamic pyrexia is caused 
by a combination of the slow pressure wave resulting from the 
closure of the aortic valve, and the sudden onward motion 
given to the whole mass of blood in the vessels at the moment 
of opening of the aortic valve at the commencement of the next 
systole. 

The facts on which the above equations have been based 
are published in the Proceedings of the Boyal Sodety, VoL xix., 
No. 126, p. 318. 

Mr ELawksley, of Blenheim Street, is constructing a cardio- 
sphygmograph from the model described ' above, with a few 
minor improvements, which can easily be applied in the study 
of pathological conditions. 



ON THE TELSON OF THE MACRUROUS CRUSTACEA. 
By A. H. Qabrod, St John's College, Cambridge, (PL 
XI. Fig. 6.) 

The relations of the telson of the lobster and its allies are so 
variously regarded by zoologists of the present day, that no 
apology is needed in bringing forward any facts which tend to 
settle the point. By Milne-Edwards it is considered as a se- 
venth abdominal segment ; but I cannot find in his writings any 
reasons given for his belief. Van Beneden is also stated by 
Prof. RoUeston to hold the same opinion. Prof. Huxley con- 
siders the telson an azygos appendage, and not a true segment 
of the body; and Prof. Rolleston agrees with him, stating that 
it only carries appendages in one or two cases, whereas it is 
a law common to all Crustacea, that every segment has its 
appendages. 

An attempt will be here made to shew that in a specimen 
of Scyllarus arctus, in the Zoological Museum of the University 
of Cambridge, there is sufficient evidence to prove that the 
telson is a true body segment, and that it is provided with true 
segmental appendages, though the nature of these is somewhat 
modified by cohesion and adhesion. 

In this specimen the siocth abdominal segment is in the 
main similar to that in the lobster, but its dorsal surface is 
grooved instead of plain. The infero-lateral terminations of its 
dorsal shield are slightly recurved and not sharply pointed, 
those of the first abdominal segment being decidedly so, but the 
acumination becomes less marked in each succeeding one. The 
swimmerets are greatly developed, the propodite not exhibiting 
any decided spinous protuberances. Both the exo- and the 
endopodite, which are expanded horizontally, are composed of 
two, a proximal calcified and a distal fin-like portion; the an- 
terior margin of the former in each of these segments being 
prolonged outwards in the form of a spine. The distal fins are 
composed of a translucent membranous substance supported on 
a radiating framework. At the attached extremities of the an- 
terior and posterior margins of these fins there are small elon- 
gated calcified masses, which seem to be the points at which 
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their delicate structures come in contact with one another and 
the neighbouring parts. 

Ventrally there is a transverse calcified bar, concave for- 
ward, slender and composed of a central and two lateral ele- 
ments, which are fixed to the sides of the dorsal shield. 

The seventh segment, or telson, consists of a distal fin and a 
proximal calcified portion. The fin is azygos, semi-elliptical, 
and supported on rays, like the exo- and endopodites of the 
sixth segment It also resembles them in having two lateral 
elongated calcified masses at its margins. There is no median 
separation. 

The calcified portion consists dorsally of a small semicircular 
centrum or dorsal shield, which is close under the dorsal plate 
of the preceding segment, and is separated from the lateral 
masses by a marked groove, not by an articulation. 

These lateral masses are each distinctly separable into three, 
parts : 1st, a thin longitudinal one, which approaches the sixth 
dorsal plate, and ends posteriorly in a sharp spine. Internally 
it comes in contact with the next, the 2nd part, which latter 
joins the azygos centrum at its antero-intemal margin, and at 
its distal end gives attachment to the 3rd part. Beyond the 
centrum there is a considerable interval between the two lateral 
masses doi*sally. 

The 3rd part consists only of a free spine, directed back- 
wards, and articulated to the 2nd, It rests on the azygos fin« 

Ventrally this segment presents only a short transverse bar, 
in front of the anus, composed, as in the preceding one, of a 
central and two lateral portions. 

On the supposition that this seventh segment is a true one, 
the small dorsal centrum corresponds with the much larger one 
in the other segments, while the swimmerets are represented 
by the lateral masses described above ; the 2nd part of which 
corresponds with the propodite, and the 1st and 3rd with the 
exo- and endopodite respectively, each bearing spines, and con- 
nected with the propodite and with the fin. 

The short transverse ventral bar corresponds to the narrow 
centrum, and is composed of three portions, as in the preceding 
segment. I have no means of telling whether it is laterally 
connected with the dorsal shield. 
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The position of the anus behind this seventh transverse bar 
is strongly in favour of the alimentary canal being segmentally 
terminal, although this condition is disguised by the coalescence 
of the lateral appendages above, which consequently makes the 
anus ventral. 

If the above explanation is accepted with regard to this 
particular species, it is highly probable that it is true in those 
allied to it, and would then refer to the lobster and cray-fish. 
Prof. RoUeston says of the latter*, that the proximal segment of 
the telson is not calcified continuously across its ventral surface, 
as the other segments are; but this appearance would arise 
from the small size of its real centrum, which, as in Scyllarus, 
would be quite anterior, and the coalescence in the middle line 
of the proximal portions of the endopodites of the segment. In 
the telson of the lobster, by looking at its dorsal surface ob- 
liquely. a system of undulations is observed, which corresponds, 
though in a much more disguised form, with the condition in 
Scyllarus, the two extreme lateral pieces with the accompany- 
ing spines being easily seen, and the small elevated centrum at 
the anterior part. 

In conclusion, an attempt has been made to shew, (1) That 
in some Macrurous Crustacea, and th^efore probably in all, the 
telson is a true body segment with lateral appendages, which 
are modified by cohesion and adhesion, (2) That the body of 
the segment terminates posteriorly in front of the anus, and 
that the cohesion of the endopodites superiorly causes the anus 
to be ventral. 
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OBSERVATIONS IN HUMAN ANATOMY. By W. W. 
Waostaffe, B.A., RRC.S., Demongtrator of AnaJtomy at 
St Thomas's Hospital, 

Almost as a matter of coarse it must happen that the rough 
anatomy taught in the dissecting room admits of very little 
correction, for careful teachers have worked at the same subject 
ages before us and with the same means as we now employ. In 
minuter details, which are now submitted to investigation with 
the aid of instruments and reagents unknown to our predecessors, 
there is a much wider field for the discovery of new facts, and it 
is in this field that nearly all workers are now employed. But 
it has been remarked in this Journal (VoL ni. p. 1) by Professor 
Wood, that "occasionally some out of the way comer of a science 
remains after years of investigation the retreat of a curious error 
which has escaped the detection of successive generations of 
observers," and it is to some of these out of the way comers that 
the accompanying remarks apply. I have no doubt that other 
teachers have noticed some of the facts which I now bring 
forward, but I am not aware that they have been made public 
or at all generally admitted. I have no doubt too that many 
inaccuracies have escaped my observation, and I trust we shall 
have the experience of other demonstrators upon points in 
which they have observed the text-book descriptions to be in- 
complete or faulty. ' 

Pectoralis major. The arrangement of the fibres of the 
Pectoralis major has usually been dwelt upon in the dissecting 
room and in manuals of Anatomy as a peculiar feature in the 
muscle, and one of which there are not many examples in the body 
— ^that of the complete twisting, so to speak, of its fibres. 
I do not find, however, that the descriptions at present given of 
the manner in which /the fibres are arranged are borne out by 
the examination of a large number of subjects. 

In the seventh edition of Quain's Anatomy, the work which 
must undoubtedly be looked upon as the standard English work 
on the subject, I find it stated — " The arrangement is such that 
at last the folded tendon of the muscle is inserted into the 
hiimems in two nearly parallel lines which are connected below. 
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The fibres of the clavicular part in the order of their origin from 
without inwards are prolonged into the anterior or outer line of 
insertion in order from above downwards. The pectoral part of 
the muscle is inserted into the inner or posterior line; the fibres 
which have the highest origin being the lowest at their in- 
sertion, and those which arise lower in succession from the 
chest passing higher and higher to their insertion on the 
humerus." 

In the third edition of Gray's Anatomy by T. Holmes, it is 
stated that ** the upper fibres overlap the middle, and the mid- 
dle the lower portion, . . . the tendon of insertion consists 
of two laminae, placed one in front of the other and usually 
blended together below. The anterior, the thicker, receives the 
clavicular and upper half of the sternal portion of the muscle ; 
the posterior lamina receiving the attachment of the lower half 
of the sternal portion. From this arrangement it results that 
the fibres of the upper and middle portions of the muscle are 
inserted into the lower part of the bicipital ridge ; those of the 
lower portion into the upper part." 

In Ellis's Demonstrations of Anatomy the description is 
similar to that in Gray, but decidedly more clearly expressed. 

The description of the actual arrangement would more cor- 
rectly be given in the following manner.— 

The fibres of the Pectoralis major are arranged in two sets 
— a clavicular and a sternal set, and betwisen the two there 
is, in many cases, a well defined cellular interval : in all cases 
the separation is appreciable. They run to their insertion upon 
the outer edge of the bicipital groove of the humerus in the 
following manner. The fibres of the clavicular portion are in- 
serted in the same order as they arise — the outermost, and 
particularly the deeper fibres of origin, are inserted at the upper- 
most part of the tendon, the innermost fibres, or those nearest 
to the stemo-clavicular articulation, pass down to the lowermost 
part of the tendon. The sternal portion is peculiarly arranged. 
It will be seen on turning aside the clavicular part that the 
uppermost fibres of the sternal muscle, i,e. those from the first 
costal cartilage (if, as is perhaps most usual, there is attach- 
ment to that part), or from the neighbourhood of the stemo- 
clavicular articulation, pass downwards under cover of the cla-^ 
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vicular tauBcle, and are inserted into the uppermost part of the 
second plane of attachment to the outer bicipital ridge. Fibres 
from the sternum opposite the first intercostal space, or some- 
times a little lower, can be traced down to be inserted into the 
lowest part of the attachment to the humerus. Below these 
last- mentioned fibres the muscular bundles gradually pass under 
the previous ones, and ultimately the lowest fibres of origin 
from the aponeurosis of the external oblique pass to the highest 
part of the third plane of insertion, and it is these fibres which 
are connected with the fibrous baud passing upwards to the 
head of the humerus. 



Diagram Bhewiug arraogement of flbrea of Peetor>]lB major in maa. CUvi- 
cnlar Bet paseiug down to anterior plane of ioaertion, upper stemal set to second 
plane, loner eternal eet (from abont first interooetal ^aoe downwards) paasiiig 
to third or deepest plane of insertion ; the lowest fibres of the set inserted 
highest Dp on homeniB. 

It will thus be seen that the so-called tendon of the Pec- 
toralis major is composed of three layers, 1, that of the clavicular 
position, 2 and 3, those of the sternal portion doubled upon 
itself below but easily separable above. Of these layers the 
first and second have usually about the same extent of at- 
tachment above and below, but the third passes considerably 
higher than the others. 

Flexor tmdom of the fingers and toea. The attachment 
of these tendons to the phalanges has been accurately described 
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by Weitbrecht in his Syndesmologia, and more recently by Pro- 
fessor Marshall in the Medico-Chirurgical Review for 1853; and 
the latter anatomist has pointed out the existence of the vin- 
cula subflava, and ascribed to them the function of passively 
drawing back the flexor tendons after the latter have been pulled 
towards the hand in flexion of the fingera. But a very im- 
portant function of the ligamenta brevia appears to have had 
but little stress laid upon it. These ligaments pass backwards 
from the tendons close to their insertion (and this is most easily 
demonstrated in the case of the ligamentum breve of the flexor 
sublimis), and are attached to the depression below the head of 
the previous phalanx — that of the flexor sublimis into the first, 
that of the profundus into the second phalanx. They are 
therefore not brought into play until the phalanges are very 
considerably flexed. It will be seen then, in the case of the 
flexor sublimis for instance, that the proper insertion of the 
tendon and the ligamentum breve are equally acted upon by 
further action of the muscle, and the first phalanx in this case is 
now flexed. Extreme action might otherwise be attended by a 
dislocation of one phalanx upon the other, and it appears certain 
that the result of the peculiar arrangement of the ligamentum 
breve will be to obviate this tendency to dislocation. 

Interned pterygoid. The internal pterygoid muscle arises 
from the pterygoid fossa, from the inner surface of the external 
pterygoid plate and from that part of the palate-bone which fits 
in between the two plates. A portion of the origin of this 
muscle has however usually escaped description in our text- 
books of Anatomy. In every case in which I have noticed the 
attachment of the muscle carefully another portion of it arises 
from the outer surface of the tuberosity of the palate-bone 
just where that bone is continuous with the external ptery- 
goid plate. This portion of the muscle will therefore be related 
rather peculiarly to the external pterygoid muscle in overlap- 
ping it, whereas the main part of the internal pterygoid is hid- 
den in its origin by the fibres of the external pterygoid. 

Per&neus tertius. This muscle is described in Quain, Gray, 
and Ellis as arising from the lower fourth of the fibula on its 
anterior surface, besides being connected with the interos- 
seous membrane and with a fibrous aponeurosis between it and 
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the peroneus brevis. In my experience tbe peroneus tertius 
has been, where separable in its origin from the extensor longus 
digitorum, almost always connected much more extensively with 
the fibula. The extent of surface of the fibula occupied by the 
muscle has usually exceeded the lower half of the bone, not 
including however the part below the tibio-fibular articulation. 
Not infrequently the origin of the muscle has occupied the 
lower two-thirds of its anterior surface, and then the propor- 
tionate length of attachment of the extensor longus and of the 
peroneus tertius has been a matter of surprise to the student. 
I have also frequently been able to trace the lower muscular 
fibre of the extensor as lying on a plane internal to those of the 
peroneus, and attached under cover of the latter to the anterior 
surface of the fibula down to just above the tibio-fibular articu* 
lation. 

Sdcrolumbcdis. This portion of the erector spinse is usually 
described as passing upwards to be attached to the lower ribs — 
Quain says six or seven, Ellis the same, and Gray the lower six. 
My respected colleague, Mr Rainey, has, however, for years 
taught in the Dissecting Boom at St Thomas's that slips can 
without difficulty be traced firom the muscle into every one 
of the ribs; and this I have verified in almost every subject 
in which I have examined the attachments c^ this muscle 
carefully. It is well known that the muscles of the back vary 
very much in the number of slips of which they are composed, 
but it can be demonstrated readily that the Sacrolumbalisiias 
a much larger extent of attachment to ribs than is described 
in our text-books of Anatomy. 

Tranaversalis coUi et capitis. Under this head Mr Ellis pro* 
posed to include the transversalis colli and trachelomastoid, and 
it is a matter of surprise that in the last edition of Quain's 
Anatomy advantage is not taken of this means of simplifying 
the very complicated description of the muscles of the back. 
One of our objects as teachers of Anatomy should undoubtedly 
be to render the explanation of these muscles more intelli* 
gible to students, and more easily retained in their memory. 
As it is, students rather shirk the dissection of the muscles of 
the back on account of the difficulty of remembering the attach- 
ments, the formidable array of names, and the number of 
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so-called separate muscles; and they are hindered also very 
materially by reason of the difficulty of distinguishing them as 
separate structures. The transversalis colli and transversalis 
capitis (trachelomastoid) are commonly one muscle at their 
origin, but divide towards their insertion into a neck portion 
(tr. colli) and a head portion (tr. capitis), resembling in this 
respect the splenius: and the analogy between these two 
muscles can be traced even further. The splenius arises from 
spinous processes in the dorsal region down to about the sixth^. 
from the vertebra prominens, and from the ligamentum nuchas 
in the neck about as high as opposite the third cervical ver- 
tebra. The transversalis arises from transverse processes in 
the doi*sal region down to about the sixth, and from articular 
processes in the neck about as high as the third. 

It will be useful to notice here the attachment of the com- 
plexus as compared with that of the above two muscles. The 
complearus, including the biventer cervicis, which is practically 
a part of the complexus, arises from transverse processes in the 
dorsal region as low as about the sixth (though it not infre- 
quently receives fibres from much lower down) and from articu- 
lar processes in the neck about as high as the third cervical 
vertebra. It will thus be seen that a comparison of these three 
muscles, grouped in the manner I have indicated, simplifies the 
description usually given. The extent of origin of each is about 
the same, but the splenius arises from spinous processes or their 
equivalent, the ligamentum nuchsB, while the transversalis and 
complexus rise from transverse processes or their equivalents, 
articular processes. The splenius and transversalis are singla 
muscles at their origin but divide into head and neck portions, 
which receive names indicating their destination (spl. capitis,, 
spl. colli, transv. capitis, transv. colli). 

Supinator radii Umgus. The action of this muscle is so 
little that of supination that it does not deserve the name given 
to it. In Quain's Anatomy it is admitted that its chief use is to 
flex the forearm, but it is stated that supination having com- 
menced by other muscles the movement is assisted by the 
supinator longus. In Gray's Anatomy it is stated that the 
supinator longus and brevis are the supinators of the forearm 
and hand, the longus more especially acting where the limb 
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is pronated : when supination has been produced the further 
action of this muscle is to flex the forearm. 

It may be seen, upon examining the action of the muscle in 
the dead body, that it cannot be considered more of a supinator 
than of a pronator. When the hand is made prone the supi- 
nator longus brings up the radius over the ulna to the semi- 
prone position. When the hand is supinated it brings up the 
radius again over the ulna also to the semi-prone position. 
After this the muscle flexes the forearm. In other words, its 
tendency is to throw the forearm and hand into the position it 
readily occupies when placed across the chest as in a sling. 
Dr Duchenne has recently employed the interrupted current for 
the purpose of demonstrating upon the living subject the action 
of different muscles, and shewed that by placing the two poles 
of the battery over the body of the supinator longus when the 
hand was lying supine, complete pronation was produced; but 
there is no evidence that the stimulus did not affect other mus- 
cles besides the supinator. On the contrary, I am of opinion 
(having been the subject experimented on by Dr Duchenne at a 
recent demonstration at this hospital) that the stimulus was 
so powerful as to affect at least those lying directly under it, 
namely the radial extensors of the wrist. Now it will be seen, 
upon examining the attachments of these muscles, that their 
action will undoubtedly be that of pronation provided the hand 
be originally supine: for they pass downwards from the outer 
condyle to the back of the wrist, and will naturally tend when 
contracting to bring the back of the hand over and pronat^ the 
hand distinctly. * 

Popliteal space. In giving the boundaries of this space I am 
not aware of any notice being taken of the adductor magnus. 
This muscle is placed deeply on the inner side of the space above 
the condyle, and upon raising the semi-membranosus can be 
readily discovered. It is that portion of the great adductor 
especially which is passing down as a strong tendinous structure 
to the inner femoral condyle. The boundaries, as I have been 
in the habit of teaching them, are as follows : on the inner side 
above, the Adductor magnus, deeply placed aixd hidden by the 
Semi-membranosus, upon which is lying the iong tendon of the 
Semi-tendinosus with some of the fleshy part of the muscle. 



OBSERVATIONS IN HUMAN ANATOMY. 281 

Superficial to these muscles, and not directly in relation with 
the popliteal space, are the Gracilis and Sartorius. On the 
outer side above is the Biceps, both its heads being visible. 
Below we have on the inner side Gastrocnemius, and on the 
outer side Gastrocnemius and Plantaris. 

Acromio-thoracic artery. The description of the origin of 
this vessel in all our manuals of Anatomy is, I am inclined to 
believe, inaccurate. It is stated to arise from the axillary 
artery in its first part, from that portion which lies between the 
first rib and the upper border of the pectoralis minor, but in 
every subject in which I have examined the artery during the 
seven years I have been demonstrator in the anatomical depart- 
ment of this Hospital I have found it rising from the second 
part of the axillary artery. I am indebted to Mr Bainey for 
first pointing out this fact to me. It is given off from the front 
of the axillary artery a short distance under the pectoralis 
minor and then passes upwards to appear in the space above 
the muscle, where it gives off its pectoral and humeral branches 
as usually described. 



TWO CASES SHOWING A PECULIAR ARRANGEMENT 
IN THE FIBRES OF THE EXTERNAL PTERYGOID 
MUSCLE IN MAN. By W. W. Wagstaffe, B.A., 
F.R.C.S., Demonstrator of Anatomy at St Thomases Ho9* 
pitaL 

Two similar cases of rather curious muscular abnormality have 
recently come under my notice in the Dissecting Room at St 
Thomas's Hospital, and as they are of a character not hitherto 
described, it may be interesting to have them recorded. 

Case 1. — Upon the outer surface of the right external ptery- 
goid muscle, close to its origin from the margin of the spheno- 
maxillary fossa, I noticed, in demonstrating upon this subject, 
a number of vertical aponeurotic fibres. These aponeurotic 
fibres were connected above with the pterygoid ridge of the 

VOL. V. 19 
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Bpbenoid aloi^ its anterior part, and ended below in well-de- 
fined muscular bundles. The muscular bundles were found to 
be attached below to the lower part of the outer surface of the 
external pterygoid plat& These superficial vertical fibres of 
the external pterygoid consequently ran a short distance from 
bone to bone without a possibility of movement of either ex- 
tremity. It therefore became a matter for conjecture as to 
what function they could possess, and the further connections 
of this structure were carefully examined. At the anterior bor- 
der of the muscle it was seen that the usual origin from the 
tuberosity of the upper maxilla and palate-hone was entirely 
deficient, and with this, and probably accounting in a measure 
for it, there was a rather larger sph en o -maxillary fossa than is 
commonly observed. The most posterior of the superficial apo- 
neurotic fibres gradually blended with the rest of the muscle 
in the manner shown in the accompanying sketch, and the up- 
permost of these passed directly into the anterior surface of the 
inter-articular fibro-cartilage of the joint. Upon turning back 
Casel. 



Shomng the vertical lendinone flbrea on the external pterygoid, from tlie 
under gorface of which a portion of the horizontal maBcolar fibres sprang. The 
band of veitioal fibres is abont half-an-iuch broad. For the lower fourth of thcdr 
length they nsnally became tnosoalur. ' 
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the vertical aponeurotic fibres it could then be seen that froni 
their under surface started a large number of the ordinary hori- 
zontal fibres of the muscle. 

Here then seemed to be the explanation of what appeared 
aD anomaly. These vertical fibres, half tendinous, half muscu- 
lar, running between two fixed points of bone formed a start- 
point for other muscular fibres at right angles to them. The 
use of the muscular portion of these vertical fibres seemed to be 
to render tense the tendinous portion at exactly the same time 
as strain was exerted upon it by the contraction of the hori- 
zontal fibres rising from it. 

The subject from whom this was taken was certainly not 
well developed muscularly in other parts, and here the fibres 
were soft and fetty. 

Case 2. — This was very similar to the first case. A band of 
aponeurotic fibres (about J inch broad) ran vertically down- 
wards upon the outer surface of the right external pterygoid 
close behind the superior maxilla. These fibres were attached 



Vertical baud of fibres on EOrfuce of external pterygoid, about balf-an-incli 
broad, the u^per t}iree-quart«rs usually teudiiionn, loner quarter muscular and 
attached to lower part of eiternal pterygoid plate, the most posterior fibres ruu- 
BinB into the internal pterygoid. Horiaontal fibres of oitemai pterygoid rise 
from the under surface of the anterior £bieB of the band. 

19—2 
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above to the pterygoid ridge in its whole length, below they 
became muscular, but the development of muscle in connection 
with their lower ends was not so well seen as in the previous 
case. The anterior fibres ended below by being inserted into 
the outer surface of the Qxtemal pterygoid plate. The poste- 
rior ended by joining some of the fibres of the internal ptery- 
goid. From the under surface of the anterior fibres sprang the 
ordinary horizontal fibres of the external pterygoid, as in Case 1, 
but the posterior fibres passed freely over the external and 
joined the internal pterygoid. The attachment of the. external 
pterygoid to the back of the superior maxilla and palate-bone 
was in this case also deficient, but the spheno-maxillaiy fossa 
not so large as in the previous case. No similar structure ex- 
isted on the other side, but the origin of the muscle was 
normal 

In each of these cases a peculiar musculo-tendinous struc- 
ture was present upon the surface of the external pterygoid; in 
each this structure was mainly composed of tendinous fibres, 
but muscular tissue was found in its lower portion; in each the 
structure was placed at right angles to the direction of the 
fibres of the muscle upon which it was lying; in each the ordi- 
nary horizontal fibres of the muscle took origin from its imder 
surface ; and in each these horizontal fibres had not their usual 
attachment to the back of the superior maxillary and palate- 
bones. The result obtained by this peculiar structure in each 
case was the same; the tendinous portion gave origin to the 
superficial fibres of the external pterygoid, while the muscular 
portion rendered the former tense at the time they were being 
pulled upon by the fibres rising at right angles from them. 

It would be interesting to observe how far such an arrange- 
ment of superficial aponeurosis exists in the external ptery- 
goid of animals, and particularly in those animals in whom 
the spheno-maxillary fossa is proportionally larger than in man. 
I have not had, however, the opportunity of making any obser- 
vations on other animals, and can therefore only hope to see the 
experience of other observers recorded in some future numbers 
of the Journal, and to give my own as occasion offers. 



RESEARCHES ON THE ACTION OF CERTAIN DRUGS 
UPON THE URINE, AND ON THE INFLUENCE 
OF DIET AND MENTAL WORK UPON THIS EX- 
CRETION. (A Thesis for Graduation in Medicine, at 
Edinburgh, 1870.) By John Wilson Paton, M.D., Edin- 
burgh; M.RC.S., Rochfenryy Cheshire. 

Introduction. 

The object of my researches has been to determine 

I. The influence of various diets upon an individual whose 
urea excretion is shown to have been steadily above the 
average. 

These experiments and analyses were conducted in the labo- 
ratories of Professors Christison and MacLagan with the utmost 
minuteness; and their results have enabled me to discuss a few 
points in connection with the condition of so-called " Azoturia.*' 

II. The influence of the preparations of Broom Tops, and 
their active principles, Scoparine and Sparteia, upon the excre- 
tion of urine. 

III. The influence of mental rest and severe mental work, 
upon the excretion of urea and several of the other urinary in- 
gredients. The experiments in this part were conducted on 
two individuals, and 

IV. A short epitome of the researches which have tended 
to alter our opinions regarding the production of urea, will be 
given, and the arguments which have led me to believe in the 
doctrine, which ascribes the formation of this substance to the 
processes going on in the liver. 

I am much indebted to Professors Christison and MacLagan, 
for their kindness in allowing me the use of their laboratories 
for these investigations. 

I have also gratefully to acknowledge the invaluable assist- 
ance I obtained from Dr Arthur Gamgee, who not only taught 
me the methods of quantitative analyses of the urine, and cor- 
roborated any of my analyses which appeared doubtful, but also 
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gave me the benefit of his advice, in every difficulty, and 
especially when considering the question of diet. 

I have also to thank Dr Thomas R. Fraser for the kind 
assistance he gave me during the preparation of Scoparine. 

PART I. 

Chapter I. — On the influence of various diets tipon the excre- 
tion of urine. 

These analyses were commenced on February Ist, 1867, 
when I was in perfect health, my primary object being, to ascer- 
tain the effects of Broom Tops, upon the urine ; but, finding my 
excretion of urea higher than normal, the investigations with 
Broom Tops were delayed till March 14th, the intervening time 
being occupied with the question of diet. 

Before the first of February my diet was general and unre- 
stricted; enough being taken to maintain the weight of the 
body. There was a preference for nitrogenous food — ^meat, eggs, 
cheese, bread, milk, and butter, being the principal articles of 
food, and the quantity was regulated by the feeling of satisfac- 
tion. Potatoes were taken in very small quantity, and sugar 
was entirely left out. 

On February 1st, I put myself on a diet, containing 237*65 
grains of Nitrogen and 3219*624f grains of Carbon ^ and com- 
menced the analyses of urine. Every article of food was care- 
fully weighed, and its nutritive value afterwards calculated from 
the Tables of Dr Parkes*. This diet was insufficient, but no 
great desire for any more was experienced. The urine' was 
normal in quantity and density, but the amount of urea was 
above that given as the average for healthy men*, being 715*765 
grains daily, and containing 334 grains of Nitrogen ^ 

Supposing that diet No. I. was too large^ its nutritive value 
not having been calculated at that time, a reduction was made 
from the 6th till the 12th of February inclusive ^ 

1 See Table I. p. 301. 

* Manual of Practical Hygiene^ by Ed. A. Parkes, M.D., 1864, p. 141. 
8 See Table V. p. 304. 

* Average for healthy men 620 grains, Dr Ed. Smith. Proceedings of the 
Royal Society of London, May 30, 1861. 

« See Table VIU. p. 307. « See Table II. p. 302. 
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This diet contained only 205245 grains of Nitrogen, and 
287978 grains of Carbon. 

This reduction had a marked effect on the excretion of urea, 
so that it fell in one day from 752 grains to 560 grains \ But 
this diminution was temporary; and from the 8th till the 10th 
of February it rose steadily, after which there was a slight fall. 
The daily average of urea, during this period, was 6553 grains, 
containing 305 '8 grains of Nitrogen*. 

This reduction in diet and the maintenance of a high excre- 
tion of urea — the daily excreta containing 100 grains more 
Nitrogen than the ingesta — led to loss of weight and strength, 
syncope almost supervening on two occasions. 

The appetite throughout this time was ravenous, and at 
bedtime the feeling of hunger was intense, but did not prevent 
my sleeping well, often awaking in the morning in the position 
in which I had lain down to rest. 

On February 13th a more abundant diet, almost identical 
with that of Feb. Ist, was begun, containing 239*6 grains of 
Nitrogen and 3455 grains of Carbon'. 

The excretion of urea was slightly lowered by this*. I was 
however losing flesh and strength daily, being now six pounds 
lighter than when the experiments were begun. 

On February 15th some additions were made to the last 
diet, raising its value to 338*87 grains of Nitrogen and 5219*6 
grains of Carbon'. 

Under this diet all the symptoms of weakness rapidly 
passed off. At first it was felt rather too much, perhaps from 
the excess of Carbon; but after a few days, it could be taken 
with relish, and was continued with more or less relish, during 
the rest of the experiments. 

From the 15th till the 28th of February inclusive, the urine 
averaged 1556 cc. daily. Its colour was normal, and reaction 
always acid. The amounts of Uric acid, of Chloride of Sodium, 
and of anhydrous Sulphuric and Phosphoric acids, were 
normal*. 

The urea was 711*392 grains daily, containing 332*3 grains 

1 See Table V. p. 304. « See Table Vm. p. 307. 

8 See Table III. p. 302. * See Table VIII. p. 307. 

fi See Table IV. p. 303. ^ « See Table VI. p. 306. 
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of Nitrogen, and could frequently be precipitated with nitric 
acid without evaporation \ 

During this period there was a slight excess of Nitrogen in 
the ingesta, compared with the egesta, and a corresponding 
slight increase in weight, viz. If lb. in fourteen days. 

This diet may be said to suit nie exactly, there being a 
diflference of only 6*572 grains of Nitrogen between the daily 
ingesta and egesta. 

The faeces were not examined, but the value of the obser- 
vations is not diminished thereby; for Dr Parkes has shown 
from examination of the fseces, that nearly all the nitrogen 
ingested leaves the body as urea". In one of his cases the 
difference was similar to mine, being only 6*503 grains daily. 

During this period my health was excellent, and I felt able 
for any work, corporeal or mental. I walked twice daily from 
the west end of Princes' Street, to and from the Infirmary, 
analysed my urine, and frequently sat up till midnight, or even 
2 a.m., reading. There was no headache, thirst, weakness or 
sleeplessness, but there was occasionally slight constipation. 

For this I took, on and after March 1st, 300 cc. of water 
primo mane. This had not much effect on the bowels, but 
increased the quantity of urine and urea', and an abnormal 
condition was to a slight extent occasioned; for while the water 
probably accelerated tissue change, I did not wish to disturb 
the experiment by adding to a weighed diet. Weight was 
therefore lost, more Nitrogen passing as urea than the ingesta 
contained, and I was not in such continual good health as on 
the same diet without water. The only other effects noticed, 
were a slight increase in the amounts of Sulphates and Chlo- 
rides, and a great decrease in the amount of Uric Acid*. 

Dr Parkes has given the limits of the nutritive value of 
diets, for men of mean height, weight, and activity, as follows*; 
from 250 — 350 grains of Nitrogen daily, and from 3500 — 6000 
grains of Carbon daily. 

1 See Table VIII. p. 807. 

■ Proc, of the Royal Soc, of London^ Vol. xvi. p. 44. On the elimination of 
Nitrogen^ during rest and exercise, on a regulated diet, by E. A. Parkes, M.D. 
3 See Tables VII. and VIII. pp. 306, 807. 

* See Table VII. p. 306. 

• Manual of Practical Hygiene j p. 137. 



ACTION OF DRUGS, &C. ON THE URINE. 289 

The first three diets^ upon which I experimented are there- 
fore under the lowest of his calculations, and insuflScient to 
maintain health; intense hunger and prostration of strength, 
amounting almost to syncope, resulting from their use. 

Under the first and second diets about 100 grains of Nitro- 
gen passed daily as urea, more than the ingesta contained*. 
Where did it come from? Undoubtedly from the absorption of 
some albuminous substance. I was being slowly starved, and 
my tissues were supplying the amount of Nitrogen required for 
physical and vital work. 

Under the third diet, although the Nitrogen of the ingesta 
was increased 34 grains daily, the Nitrogen of the egesta still 
fell, but more slowly, 8 grains daily I Why? Because, while 
the amount of Nitrogen ingested was still insufficient by 100 
grains daily, the Nitrogen added prevented such a rapid waste 
as would have gone on for a little longer, had diet No. II. been 
continued. 

Immediately the fourth diet was begun the symptoms of 
starvation vanished, my usual health and strength were re- 
gained, and weight increased. 

For the first two days of this sufficient diet (Feb. 15th and 
16th) 29*6 grains of Nitrogen* were daily retained in the 
system to make up for the loss already sustained; and during 
the continuance of this diet till the 28th of February, the 
amount of Nitrogen excreted fluctuated slightly* on the whole, 
a little less being passed than was taken into the system ', and 
weight consequently gained. From the 20th till the 28th the 
weight remained stationary. The increase of weight was there- 
fore during the first five days (15th — 20th), and more especially 
on the first two days, when a large quantity of Nitrogen was 
retained. 

From March 1st to 13th, under the same conditions and 
upon the same diet, with the addition of 300 cc. of water, primo 
mane, 1^ lb. weight was lost, the Nitrogen of the egesta exceed* 
ing that of the ingesta''. 

What was the cause of this loss of weight? Had the water 

1 See Table Vni. p. 307. » See Table VIII. p. 307. 

» See Table VIII. p. 307. * See Table VI. p. 306. 

5 See Table VI. p. 305. « See Table VIII. p. 307. 
7 See Table Vin. p. 307. 
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anything to do with it? I believe it had; for while under the 
same diet for fourteen days, but without this excess of water, 
weight was not only nvt lost, but eyen gained at first, and then 
remained perfectly stationary, immediately the water was com- 
menced the urea excretion rose^ and weight was lost. 

Now the averages of the urine from the loth till the 28th 
of February may be taken as my normal excretion, and those 
from the 1st till the 15th of March may be looked upon as the 
result of an excess of water'. This excess of water was only 
relative ^ and if the diet had not been limited by weight there 
should probably have been an increase of ingesta to counter- 
balance the action of the water. 

Now if my normal daily excretion of Nitrogen be 332 
grains*, how was it, that on a diet containing 100 grains less 
Nitrogen than I required®, the average daily excretion was 334 
grains? and why was the first rapid fall in the excretion of 
Nitrogen* followed by a slower decrease'? 

Here I hold with Voit^ that the primary large excretion, 
is due to the destruction of an easily oxidised albuminoid sub- 
stance, most probably existing in the blood, and which is much 
more amenable to oxidation than the " stock-albumen" existing 
in the tissues, and on which an animal undergoing starvation 
comes at length to live; and the succeeding slow fall in the 
excretion of Nitrogen, is accounted for by supposing, that this 
albuminoid substance is nearly used up, and that the tissues 
are supplying the necessary Nitrogen from the stock-albumen 
which they contain. 

There were other minor changes in the urine during the 
time water was taken®; viz. 

1. A slight increase in the amount of Chlorides, estimated 
as Chloride of Sodium. 

1 See Table VII. p. 306. » See Table VH. 

• It is only 58 cc. beyond the quantity allowed by Moleschott for healtby 
adults. Moleschott, Phys, der Nahrungsmitteli 1860, p. 223. Parkes, Man, 
Pract. Hygiene, p. 139. 

4 See Table VIII. p. 307. 

6 See Tables I. and VIII. pp. 301, 307. 

6 See under Diet II. Tables V. and VIII. 

7 See under Diet III. Tables V. and VIII. 

8 Voit, Zeitschrift f. BioL ii. pp. 807—366. Centralblatt, 1867, No. 7. 
Journal of Anat. and Physiology^ Vol. ii. p. 182. 

9 See Table VII. p. 306. 
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2. A considerable increase in the amount of Sulphates, 
estimated as Anhydrous Sulphuric Acid. 

3. A marked decrease in the amount of Uric Acid, 

Chapter II. — On so-called Azoturia. 

Formerly urea was regarded chiefly in relation to pound 
weight of body, and the amount of urea normally excreted 
per pound weight was considered to be about 3*53 grains in 
adults and 577 grains in children. At present urea is not so 
much regarded in relation to pound weight. It may, however, 
be very important when the relation of urea to the amount 
of albumen consumed in the liver, and the amount of carbo^ 
naceous food required by muscles in their action is known. 

It is, however, important to notice, that while the normal 
excretion is 3*53 grains, my excretion was 4i'55 grains per pound 
weight when I was in perfect health, from Feb. 15 to Feb. 28, 
inclusive. 

Is this to be regarded as a diseased in addition to being an 
abnormal condition, and classed under those cases of Front's 
and Willis', and called by the latter "Azoturia"^? 

I consider this supposition to be a very questionable one; 
several well marked cases of excess of urea in the urine are 
recorded, in which crystals of the nitrate of urea could be 
obtained at once, as in my case, without evaporation, and a 
certain series of symptoms has in nearly all these cases been 
noticed*. With a healthy florid complexion, their complaints 
have been constant and urgent — flatulence, acidity, extreme 
languor, restlessness at night, and sometimes great nervousness 
being complained of. Even moderate exertion caused extreme 
fatigue, and in some there seemed to be a marked indisposi- 
tion to, and incapacity for mental exertion. The urine was 
frequently abundant, with constant desire to void it by night 
and by day, dull pain in the back, and in some occasional 
irritation at the neck of the bladder, no thirst, no inordinate 

^ TJie nature and treatment of Stomach and Renal Diseaiii, by Wm. Prout, 
M.D., 1848, pp. 93 — 103. Urinary Diseases and their treatment, by Robt. "Willis, 
M.D., 1838, p. 18. On the composition of the Urine in Health and Disease and 
under the action of Remedies, by E. A. Parkes, M.D., 1860, pp. 377 and 374. 

' Symptoms abridged from seyeral cases. See Paper by "W. H. Fuller, M.D. 
Lancet, 1867, VoL ii. p. 706 ; or in Transactions of the Boyal Med. and Chiror- 
gical Soc. of London, Nov. 26, 1867. 
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appetite, no afifection of the skin or pulse existed, but in nearly 
all there was more or less gastro-intestinal derangement. 

Here, undoubtedly, we have some abnormal conditions su- 
peradded to a normal large excretion of urea. In some, nervous 
symptoms from the existing dyspepsia were predominant, in 
others a urinary irritatiou, and in a few there seems to have 
been a slight diabetes insipidus. But in no case recorded does 
it appear to me justifiable to conclude that the excess of urea 
is a disease. In some it is only the normal condition of the 
individual found out when he is under treatment for something 
else, while in others it may be only a symptom of disturbed 
hepatic function. 

In support of the first of these assertions I may say, that no 
two analysts agree concerning the absolute amount of urea, 
or the relative amount to body wieight, which healthy men may 
excrete, the range per pound weight being from 2'31 grains 
to 5*82 grains : 

Table A. 

Table showing the amount of Urea excreted per pound weiglit, 
according to diflferent observers. From Carpenter's Human 
Physiology, 1869. 



Age. 


Urea per 
lb. weight 
in grains. 


Observer, 


22 

28 


2-94 
3-00 


I Scherer. 

> Rummel. 
Bischoff. 

[ Smith. 


31 
65 


3-69 
201 


45 


2-44 


42 

• • • 
... 


2-76 
372 

5-82 


20 
26 
21 


4-52 

3-343 

4-546 


Urine of A. C, Table IX. 
Urine of A. G., Table XT. 
UrineofJ.W. P. 
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That my analyses of the urine of A. C.\ a florid healthy 
individual, aged 20 years, weighing only 120 lbs., show a 
similar relation to body weight as my own analyses, being 4*52 
grains per pound weight ; that not one of the symptoms re- 
corded is applicable to him or to myself, with the exception 
of having a florid complexion; that since these analyses were 
made, three years ago, my health has been excellent, though 
in the meantime I have had scarlet-fever, followed by slight 
inflammation (erysipelatous) of one foot, one slight attack of 
muscular rheumatism, and a severe attack of facial neuralgia; 
and instead of having any languor or muscular debility, I have 
for more than a year, whilst visiting patients, walked from six 
to ten or twelve miles daily". 

Again, in healthy children there is an excretion of three 
times as much urea per pound weight as in adults'; while as 
we advance in years, and the various tissues begin to lose their 
normal activity, and more especially in old age, when they may 
be diseased or almost exhausted, we find that the excretion of 
urea greatly diminishes. 

Is not, therefore, a large excretion rather a sign of activity 
of function and health of tissue, and diminution of the excre- 
tion an evidence either of old age or disease of that organ in 
which urea is formed ? 

These arguments are supported by Voit's experiments on 
animals during starvation*; for he found that the more perfect 
the condition and nourishment of the animal at the commence- 
ment of the experiment were, the higher was the primary 
excretion of urea, and his experiments are further corroborated 
by my urea excretion under diets I. and II'. 

1 See Table IX. p. 307. 

' Last accounts from A. 0., who is now in the West Indies, state that he is 
in good health. 

* Chemistry in relation to Physiology and Medicine ^ by G, Day, M.D., 1860, 
pp. 41, 42. 

* Zeitschrift Biol, ii. pp. 307 — 365 ; Journal of AnaU and Phys., Vol. ii. 
p. 182. 

^ See Tables V. and VIII. pp. 304, 807. 
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PART n. 

ON THE INFLUENCE OF THE PREPARATIONS OF BROOM TOPS 

UPON THE URINE. 

Chapter I. — On the Influence of Scoparine. 

This drug not beiog used in medicine, could not be obtained 
pure at any chemist's. I therefore made some by the long 
process described by Stenhouse\ obtaining it in a perfectly 
pure amorphous state, and of a pale lemon yellow colour. 
The experiments were continued for six days (March 14 to 19 
inclusive), on a weighed diet*, and the urine of twenty-four 
hours examined daily. One hundred and five grains were 
taken in all. 

On the first day ten grains were taken in two doses. From 
the second till the fifth day inclusive, fifteen grains were taken 
in three doses ; and on the sixth day thirty-five grains were 
taken in three doses. Each dose was dissolved in a little warm 
watpr, a few drops of the aromatic spirit of ammonia being 
added to aid its solution. The following are the results ob- 
tained' : 

1. The quantity of urine was not increased. 

2. The density of the urine was not altered. 

3. There was no perceptible influence on the amounts of 
chloride of sodium, anhydrous sulphuric acid, phosphoric acid 
or uric acid. 

Therefore, although highly recommended in dropsies*, Sco- 
parine has no diuretic effect in health. No other effect was 
observed. 

Chapter II. — On the Influence of an alcoholic extract of 

Broom Tops, 

An ounce and a half of Broom Tops was boiled in alcohol, 
and an extract obtained by evaporation. This was divided 

^ John Stenhouse, M.D., Philosophical Transactions, 1851, Vol. oxli. p. 422. 
a See Diet No. IV. with water, Table IV. 
» See Tables XIV. and XV. pp. 312, 313. 

4 BeGommended by Mead, Cullen, Pearson, Pereira, Stenhouse and Artliiix 
MitohelL 
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into thirty-six pills. Six pills correspond to the lai-gest dose of 
infiisum scoparii\ The experiments lasted three days, from 
March 20 to 22 inclusive, under the same conditions as when 
Scoparine was taken. 

Six pills were taken on the first day in three doses. Twelve 
pills were taken on the second day in three doses. Eighteen 
pills were taken on the third day in thiee doses. The results 
were similar to those of Scoparine — negative '• No other 
eflfect was observed. 

Chapter III. — On ilie influence of Sparteia, 

These experiments lasted four days, from March 24 to 27 
inclusive, under the same conditions as before. The Sparteia 
was kindly given me by Professor Christison. ' 

Not knowing the eflFect of this drug, very small doses were 
taken at the commencement. Four grains of Sparteia were 
made up into thirty-two pills with thirty-two grains of ext. 
of gentian, and thirty-two grains of pulv. glycyrrhizae. Each 
pill contained one-eighth of a grain of Sparteia. The doses 
were taken at 8 A.M., 12-30 P.M., and 4* 30 P.M. 

March 24. One pill taken at each of the above hours. 
Slight headache all day. 

March 25. Two pills were taken three times. There was 
slight headache all day. Shortly after the second dose th6 
headache was very severe. There was no giddiness, but for 
a quarter of an hour there was a sensation of tingling in the 
left hand and foot. I felt weak and disinclined to walk on 
account of my legs being unable to support me as usual. 
These efifects were not noticed after the third dose. At lOSO 
P.M. I felt well and as strong as ever. 

March 26. Nine pills were taken to-day in three doses. 
During the whole day there was a slight headache, and I felt 
and appeared to be ill. The tingling sensations in the extre- 
mities continued. 

March 27. Twelve pills taken in three doses. Debility 
and slight tingling sensations continued. 

1 Brit. Pharmacop. 1867, p. 100. 

> See Table XIY. p. 312, and Table XY. p. 31S. 
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Stenhouse, from the observations of Dr Arthiir Mitchell of 
Glasgow ^ considers Spar tela a powerful narcotic poison, in- 
ferior to nicotia and conia, and producing in animals excite- 
ment, intoxication, coma, slight convulsions, death. The head- 
ache and tingling sensations are undoubtedly due to its narcotic 
properties. It had no effect on the quantity of the urine or 
any of its ingredients ^ 

Chapter IV. — On the influence oflnfusum Scoparii. 

These experiments lasted six days, from March 28 till 
April 2, 1867. The infusion was that of the British Pharmar- 
copceia, 1867 (page 100). 

On March 28, eleven and a quarter ounces were taken. 

March 29, twelve ounces were taken, 

March 30, sixteen ounces were taken. 

March 31, seventeen ounces were taken. 

April 1, sixteen ounces were taken in two doses. 

April 2, sixteen ounces were taken in two doses. 

On deducting the additional water, taken as infusion, from 
the urine passed, no influence is noticed in the quantity or 
ingredients of the urine*. During all these experiments with 
Broom Tops, I lost weight slightly, more nitrogen passing in 
the urine than the ingesta contained. The daily loss was equal 
to nearly three-quarters of an ounce of albuminoid substanca 

From these experiments I conclude that the preparations 
of Broom Tops, per se, their alkaloid Sparteia, and their so- 
called active principle Scoparine^ have no specific effect in 
increasing the quantity of urine of healthy men. 

PART HL 

ON THE INFLUENCE OF SEVERE MENTAL WOEK UPON THE 

EXCRETION OF URINE. 

These experiments were made in September and October, 
1867, and lasted nine and twelve days. The urines analysed 

^ Philosophical Transaetiont, Vol. czll p. 422. 
« See Table XTV. p. 312, and Table XV. p. 318. 
» See Table XIV. p. 312, and Table XV. p. 818. 
^ Stenhouse, ojp. citat. 
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were those of Dr Arthur Gamgee and myself. We were in 
excellent health both at the beginning and end of the analyses. 
The analyses were divided into periods. 

In the 1st, or Rest period, as little mental work as possible 
was done. 

In the second, or Work period, the mental work increased 
daily. 

In the third, or Second Best period, as little mental work 
as possible was again dona 

We were both on weighed diets \ The urine was always 
collected for twenty-four hours". The amounts of exercise and 
sleep were as nearly as possible the same during the three 
periods. On comparing the tables', the results are nearly simi- 
lar in both of us, and the following conclusions may be drawn : 

1st. That prolonged mental work increases the quantity of 
urine. In Dr Gamgee it rose from 1332 to 1515 cub. cent. 
In J. W. P. it rose from 1724 to 2021 cub. cent. 

2nd That the density does not correspondingly fall. In 
Dr G. it rose from 1018 to 1023. In J. W, P. it remained 
stationary at 1023. 

3rd. That the amount of Nitrogen passing off by the kid- 
neys is increased by mental work. In Dr G. it rose from 206*6 
to 223-1 graina In J. W. P. it rose fi^m 337-5 to 3801 grains. 

4th. That the amount of chlorides is greatly increased 
In Dr G. it rose from 8-8 to 10*5 grms. In J. W. P. it rose 
from 13-9 to 167 grms. 

6th. That the amount of phosphoric acid is not only not 
increased, 'but even slightly diminished. In Dr G. it fell from 
3-29 to 2-75 grms. In J. W. P. it fell from 3*6 to 358 grms. 

On again returning to a period of comparative rest (period 
No. in.) it is observed, 

1st That the amount of nitrogen is greatly diminished : 
In Dr G. it feU from 22yto 182 grs. In J. W. P. it fell from 
380 to 240 grs. 

2nd. That the chlorides are not sensibly altered. 

* Diet of A. G., TaWe X. p. 808. Diet of J. W. P., Table IV. p. 303. 

« Urine of A. G. , Table XI. p. 309. Urine of J. W. P., Table XII. p. 310. 

s See Table of Urinary Averages, Table XUI. p. 311. 

VOL. V. 20 
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3rd. That the phosphoric acid is slightly increased in Dr 
G., and unaltered in quantity in J. W, P. 
4th. That both of us lost weight slightly. 

How can we explain these facts, which in every important 
point coincide in both of us. It is well known, that under vari- 
ous mental conditions the amount of urine is increased, and I 
have already pointed out, that if in health the urine be in- 
creased by drinking water, or by some static influence, the urea 
is also increased \ Now, under mental work it is the same — 
^iven an increase of urine, an increase of urea is the result. 
The urea has no relation to the mental work except in so far 
as the latter influences the excretion of water. Under this 
perverted nervous action a general wash out takes place and 
the urea and chlorides are therefore increased. 

In proof of this, if we look back to table VI. we find that on 
Feb. 24 there was a large excretion of water with increase of 
urea and chlorides ; and again, while reading hard, from March 
11th till March 13 th, there was an increase in the quantity of 
urine, urea, and. chlorides*. 

These experiments prove that the theory of the increase of 
phosphates in the urine under mental work is erroneous. In 
fact, it looks as if prolonged mental work rather decreased them, 
as if the brain during action did not only not lose phosphoric 
acid, but even required it for its action. If so, phosphoric acid 
has a similar relation to mental work, as nitrogen has to muscCi- 
lar work. 

The loss of weight in both of us was due to more nitrogen 
passing off than the ingesta contained. This was especially so 
on the 29th, when the urine of both of us rose from some cause, 
and contained a very large amount of urea and chlorides; Dr 
Gamgee passing 104 grains of nitrogen more than his diet con- 
tained^ and J. W. P. an excess of 43*648 grains*. This rise in 
the amount of urine and urea is so marked in Dr Gamgee's case 
that this day has not been included in the calculations, as 

^ See p. 288 for the effect of water. See also Dr Smith's Paper in the Proe, 
Roy, Soc.f London, May 30, 1861, " On the influence of Barometric preBsnre and 
temperature on the excretion of Urine." 

• See Tal?le VII. p. 806. 

■ Compare Tables X. XI. XTTT. 

* Compare Tables ly. XII. XIIL 
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it immediately preceded the work period, and would most pro- 
bably have falsified the results; and because late in the previous 
evening and during the early part of the night his brain was in 
an unusually active condition. 



PART IV. 

ON THE PHYSIOLOGICAL RELATIONS OF UREA. 

Until lately the old theories of the production of urea from 
excess of nitrogenous food, and oxidation of muscle, muscular 
force resulting from that oxidation, were believed. 

In 1866, Professors Fick and WislicenusVf^om the results 
of their experiments on ascending the Faulhorn on a purely 
non-nitrogenous diet, .concluded that the nitrogenous parts of 
muscles do not waste during action, and that urea is not the 
measure of intra-muscular changes during action. Since then 
Dr Parkes has corroborated their view, that the evolution of 
nitrogen is not a condition of muscular action*. Their ex- 
periments tend strongly to support the theory that muscular 
force is derived from the oxidation of hydro-carbonaceous ma- 
terials in muscle^ and Dr Frankland's' experiments on the 
amount of potential energy in various articles of diet corro- 
borate this, for he found that the amount of energy stored up 
in hydro-carbonaceous substances was much greater than that 
in the nitrogenous. If, then, urea does not proceed from the 
oxidation of muscle, whence does it come? 

Zalesky*, having denied the presence of uric acid in the 
blood of birds, Meissner^ from analyses, proved its presence in 
that fluid, and as he found it in much larger proportion in the 
liver than in any other tissue, obtaining as much as -31 grm. 
from 500 grms. of liver, he gave it as his opinion that uric acid 
was formed in the liver. 

* On the origm of Muscular Power, by Dr A. Fick and Dr J. Wislioenus, Zu- 
rich. London, Edin, and Dub. Phil. Mag. 18.66, p. 485. 

' Proc. Roy. Soc. Lond.^ Vol. xvi. p. 44. 

* Lond. Edin. and Dub. Philosph. Mag.^ Sept. 1866. 

* Gentralblatt, 1865, p. 202. Joum. Anat. and Phys.y VoL iii. p. 239. 

6 5[enle nnd PfeufferXZeitec/wi/«, 13, ixxi. pp. 144-^223. Joum. Anat. and 
Phys.f ut Bupra. ^ 

20—2 
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Formerly it was stated by Heynsius and Stokvis that urea 
existed in the liver\ and Meissner has now shown that it exists 
in the livers of both the carnivorous and herbivorous animals 
in much larger proportion than was believed, obtaining as 
much as 09 grm. from 474 grms. of dog's liver, and '025 grms. 
from 347 grms. of rabbit's liver. He therefore advanced the 
theory that urea is formed in the liver, and he is supported by 
the following facts : 

1. It has 'never been found with certainty but in the liver, 
blood and urine. 

2. Frerichs' and Stadeler state, that in the urine of acute 
yellow atrophy of the liver the urea is not to be found, its place 
being taken by leucine. 

3. Again, Harley has failed to detect it in cases of chronic 
atrophy of the liver*. 

4. Vogel states that it is diminished in carcinoma of that 
organ. 

5. In some cases, where the liver is much disordered with 
foetid high-coloured urine and no febrile state of system, urea is 
increased. 

These facts undoubtedly point to the liver as being the 
factor of urea, and it seems reasonable to suppose that so large 
and important an organ should have some other function than 
merely to excrete a few ounces of bile daily. That other func- 
tion has been already in part known as its glycogenic function*. 
I say in part, for it is only now that another part is known. 

It was long known that the liver of animals fed entirely on 
animal food, secreted ' sugar. Now, as animal food contains no 
starchy elements from which that sugar could be formed, it was 
argued, and then proved by experiment, that the liver had the 
power of making sugar. Bernard*, supported by Lehmann*, 
believed that the sugar was formed from albuminous com- 
pounds, because there was less albumen in hepatic than in 

^ Joum, Anat, and Phys. , at supra, p. 240. 

' Clinical Treatise on Diseases of the Liver^ by Dr Freriehs, Vol. i. p. 220. 
New Sydenham Soc. Edition. 

* Prin. of Human Physiology ^ Carpenter, p. 463. 

^ Bernard, Archives Oinirales de MSdicine, 1848. Carpenter, op. cit, p. 436. 

* Op. cit. 

^ Carpenter, op. cit. p. 436. Compt, Rendus de VAcad, dea Scieneest 1855, 
p. 587. 
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portal blood, and they thought that the albumen was split up in 
the liver into the sulphuretted biliary acids and sugar. Then, 
however, the old theories of the production of urea were held. 
Now they are known to have been wrong. If the liver form 
bile and sugar, two hydro-carbonaceous substances — the former 
containing only a very small per centage of nitrogen — out of 
highly nitrogenised albuminous compounds, what becomes of 
the 15 J per cent, of nitrogen ? It goes to the formation ofurea^ 
wrea being formed in the liver from the splitting up of albumen. 
Whether it be at once formed or only produced after many 
changes, is at present unknown. The latter is the more pro- 
bable*. Schultzen and Neubri of Berlin' believe that it 
passes at least through leucine and glycocol, and in animals 
whose urea excretion is constant, they have found that the 
increase of urea is in exact proportion to the amount of glycocol 
given with their food. 

TABLE I. 
Diet No. I. February 1—5, 1867. 





Water. 


Water-free 
food. 


Albumi- 
nates. 


Carbo. 
hydrates. 


Fats. 


Salts. 


Meat 

Bread 

Eggs 

Butter 

Potatoes 

Milk 


187*50 
1240 
82*32 
1*80 
111*0 
358*44 


62*50 
I860 
29*68 
28*20 
49 
53-56 


37*50 
24*80 
1512 
0*90 
2-25 
16*48 


0- 

152-52 

t • • 
• • • 

35*10 
20*60 


21*0 
4*68 

12-99 

27*30 
0*15 

15*24 


4*0 

403 

1*12 

• • • 

1-50 
2-47 


Total in ! 
Grammes 


66506 


408-94 


97-05 


208*22 


81-36 


1312 


The albuminates contain 15*4 Grms. = 237*65 grains of Nitrogen. 

The albuminates, carbohydrates and fats contain 203*633 Grins. 

= 3219*624 grains of Carbon. 



^ See the decrease in the amount of tiric acid from taking water, p. 288 and 
Table VII. 

' Academy, Jan. 8, 1870. 
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TABLE II. 
Debt No. II. Februaby 6 — 12. 





Water. 


Water-free 
food. 


Albumi- 
nates. 


Carbo- 
hydrates. 


Fats. 


Salts. 


Milk 
Butter 

Meat 

Potatoes 

Bread 


268-83 
1-80 
4116 
187-50 
118-40 
116*0 


40*17 
28*20 
14*84 
62*50 
41*60 
174*0 


12*36 
0*90 
7*56" 

37*50 
2*40 

23-20 


15*45 

• • • 

• • • 

• • • 

37-44 
142-68 


11*43 
27*30 

6-496 
210 
•16 

4*35 


1*854 
variable. 
•56 
4*0 
1-6 
3-67 


Total in 
Gi'ammes. 


733*69 


361*31 


83-92 


195-57 


70*736 


11684 


The albuminates contain 13*3 grms. = 205*245 grains of Nitrogen. 

The albuminates, fats and carbohydrates contain 186 '61 grms. 

= 2879*78 grains of Carbon. 



TABLE III 
Diet No. III. February 13 and 14. 





Water. 


Water-free 
food. 


AlhTiTim*. 

nates. 


, Carbo- 
hydrates. 


Fats. 


Salts. 


grms. 
Egg 56 

Butter 30 

Meat 250 

Potatoes 250 

Milk 412 

Bread 395 

Tea & Water 


4116 
1-80 
187*50 
185*0 
358*44 
158*a 
1230- 


14*84 
28-20 
62*50 
65 
53-56 
2370 

• • * 


7 56 

0*90 
37*50 

3-75- 
1648 
31*60 

t . * 


• • • 

V • • 

• • • 

5850 

20*60 

194*34 

• • • 


6-496 
27-30 
21-0 

•25 
15-24 

5*92 

• • • 


0*56 

. . • 

4*0 
2-5 
2*47 
513 

. . • 


Total in grms. 


2161-9 


4611 


97*79 


273:44 


76*206 


14*66 


The albuminates contaiii 15*52 grms. =239*5 graina of Nitrogen. 

Thft albuminates, fats and carbohydrates contain 223-926 grms. 

= 3455 grains of Ca,rbon. 
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TABLE IV. 


- 






• 
• 


• 


Diet No. IV. Fkbruaby 15 


ONWARDS 


• 






Water. 


Water-free 
food. 


Albumi- 
nates. 


Carbo- 
hydrates. 


Fats. 


Salts: 


Eggs 


grms. 
168 


123 '48 


44-52 


22-68 


• • • 


19-488 


1^68 


Butter 


30 


1-80 


28-20 


•90 


• • • 


27-30 


• • • 


Butcher meat 250 


187-5 


62-5 


37-5 


• • • 


210 


40 


Potatoes 


250 


1850 


65 


3-75 


58-5 


0-25 


2-5 


Milk 


712 


628-44 


83-56 


25-48 


32-3 


22-74 


3-97 


Bread 


475 


190- 


285- 


38-00 


233-7 


712 


617 


Cheese 


30 


1104 


18-96 


1005 


• • • 


7-29 


1-62 


Sugar 


45 


1-35 


43-65 


• • & 


43-42 


. • • 


•22 


Tapioca 


40 


• . . 


40-0 


• • • 


400 


• • • 


• • • 


Tea and Water 


1230- 


• • • 


• • • 


• • • 


. . • 


• • • 


Salt 


12 


. . * 


12-428 


• • • 


• • • 


• • • 


12-428 


Total in 


grms. 


2558-61 


683-819 


138-36 


407-92 


105-188 


32-588 



The albuminates contain 21*96 grms. = 338*87 grains of Nitrogen. 

The albuminates, fats and carbohydrates contain 338*23 grms. = 5218*9 grains 

of Carbon. 
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TABLE VIII. 
AvBBAaEs OF Ingesia and Egbsta uhdbb thb Varxous Diets. 



Diet. 


Water 
taken. 


N.in 
Food. 


O.in 
Food. 


Urine. 


Density. 


Urea. 


Total N. 
in Urea. 


I. 


1965 


grains. 
237 


grains. 
3219 


0.0. 
1594 


1026 


grains. 
715 


grains. 
334 


11. 


1763 


205 


2879 


1255 


1030 


665 


305 


III. 


2161 


239 


3455 


1480 


1023 


636 


297 


IV. 


2558 


338 


5219 


1556 


1024 


711 


332 


IV. . 

with 
Water. 


5858 


338 


5219 ' 

1 

« • a 


2014 


1021 


801 


373 



TABLE It. 
Analtsbs of Ubinb of a. C. 



Date. 


Quantity. 


Urt 
Grammes. 


sa. 
Grains* 


Urea P. 0. 


Weight. 


Dec. 
2 

3 

4 

5 

6 

7 


0.0. 
1350 

1850 

1400 

1500 

1600 

1650 


29-7 

46-25 

35 

34-5 

32- 

34-65 


458-33 
713-37 
54012 
533-40 
493-82 
534-71 


grams. 
2-2 

2-5 

2-5 

2-3 

2 

21 


120 lbs. lOoz. 

= 54-7 kik 

120 lbs. 11 oz. 

120 lbs. 9oz. 


AvEKAGES OP Urine op A. C. 




1558 


35-35 


545-45 


2-266 


120 lbs. 10 oz. 
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TABLE X. 
Diet of A. G. 





Water. 


Water-free 
Food. 


Albumi- 
nates. 


Fats. 


Garbo- 
hydiates. 


Salts. 


grms. 

Bread 336* 
Butter 228' 
Sugar 478' 
Eggs 112' 
Milk 425- 
Bice 30*9 
Beef 113*4 
Potatoes 113*4 


134*78 

1*36 

1*43 

82-32 

381*06 

3*09 

85 05 

83-916 


202 18 
21-32 
46-37 
29-68 
56*94 
27-87 
28-35 
29*484 


26*95 
•06 

• • . 
15*12 
17 '52 

1-54 
17*01 

1*70 


5-05 
20-63 

• < • 

12-992 

16'20 

•247 

9-525 

'113 


165-78 

. • • 
46127 

• • • 
21-9 
19-573 

• . • 
26-435 


4-38 

. • • 

0-239 
112 
2 '628 

•154 
1'8 
1134 


Total in GramTnes 


7730 


442*37 


79*90 


64-757 


279-815 11-455 


Water in Tea Infusion in above Diet 1200 C. C. 

The Albuminates contain 12*68 grms. = 195*67 grains of Nitrogen. 

The Albuminates, Fats and Carbohydrates contain 218*178 grms. = 3366*48 

grains of Carbon. 
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TABLE XIII. 



The Urinary Averages DURma the periods of Mental Rest 

AND Mental Work. 



A. Averages of Urine of A. G. 



Period. 


Quantity. 


Density. 


Nitrogen, 
in Grains. 


Gram 
NaCl 


imes. 


I. 


O.C. 
1352 


1018 


206-5 


8-881 


3-291 


n. 


1515 


1023 


223129 


10-575 


2-754 


III. 


1600 


1018 


182-493 


10177 


3070 


B. AVERAGBS OF UbINB OF J. W. P. 


I. 


1724 


1023 


337-584 


13-90 


3-6 


II. 


2021 


1023 


380-150 


16704 


3*586 


III. 


1675 


1026 


348-9 


16-121 


3-569 
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AN ACCOUNT OF THE POST-MORTEM EXAMINA- 
TION OF A CASE OF ANEURISM OF THE ABDO- 
MINAL AORTA CURED BY PRESSURE. By Wm. 
Murray, M.D., Newcastle-on-Tyne. 

In the year 1864 I communicated to the Medico-Chirxirgical 
Society of London {Transactions, 1864), an account of a case 
of aneurism of the abdominal aorta, for the cure of which I had 
employed compression of the arteiy by the rapid method imme- 
diately above the tumour. The patient was a man, aged 26, 
whose occupation as a paviour had compelled him to use a 
large wooden rammer for driving paving stones into the ground. 
Between the abdominal aneurism and the free borders of the 
left ribs there was space enough to permit one blade of a tour- 
niquet to press down on the spine, and on tightening the tour- 
niquet I found that, by a nice adaptation, the pulsation in the 
aneurism could be completely commanded. The patient was 
put under chloroform on April 16th and pressure applied for 
two hours, and a second time on April 19th and the pressure 
and insensibility were kept up for about five hours. On the 
next day no pulsation was felt in the aneurism which was hard, 
resistant, and lessened in size. Neither was pulsation to be 
felt in the aorta below the tumour, in the iliacs, or in the fe- 
moral arteries. On the 23rd pulsation became distinct in the 
small arteries in the abdominal wall. On the 26th the patient 
walked about a quarter of a mile. On the 7th July, 1864, the 
patient obtained work as a 'fitter.' The lower limbs were 
plump but flabby, the rest of the body well nourished. The 
tumour was scarcely to be felt, and the aorta, iliacs, and femo- 
ral arteries, were quite pulseless. 

The patient continued to enjoy good health until the com- 
mencement of the year 1870, having during the intervening 
six years followed a variety of laborious occupations, and having 
also on several occasions undergone no small amount of priva- 
tion through the prevailing scarcity of work. During this pe- 
riod the aneurismal swelling gradually disappeared, the ternai- 
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nation of the aorta could be very easily distinguished by its 
thud against the hand when applied about three inches above 
the umbilicus, and its course below the thudding point remain- 
ed absolutely pulseless. 

By far the most notable change during this period was the 
appearance of numerous large pulsating vessels on the front 
and sides of the abdominal parieties; one on either side of the 
rectus muscle on the site of the epigastric arteries equalled the 
femoral artery in size, while those on the upper part and lateral 
aspects of the abdomen varied from the size of the brachial ar- 
tery to that of the ulnar. The course of these vessels was, for 
the most part, extremely tortuous and difficult to trace. 

About the commencement of the year 1870 the patient was 
compelled to resume his old occupation as a paviour, and the 
strenuous efiforts required of him once more brought on violent 
pain in the epigastrium, which was speedily followed by other 
symptoms of an aneurism in that region. This latter disease, 
when fully developed, was found to lie so close to the diaphragm 
that pressing the aorta above it was out of the question. The 
aorta below this new aneurism was very carefully examined and 
found to be perfectly free from pulsation, in fact it was evident 
that the aorta above the occluded point had given way and be- 
come dilated into an aneurism. The usual symptoms of aneu- 
rism of the aorta near the cseliac axis were terminated by the 
sudden death of the patient on June 1st, 1870* 

The post-mortem examination was conducted by Dr Maclach- 
lan and Mr Davidson, assisted by Mr Johnson, in the presence 
of Mr Russell, one of the surgeons to the Newcastle Infirmary, 
and several other gentlemen. To all these gentlemen I am 
much indebted for the assistance they afforded, but more espe- 
cially to Dr Maclachlan, who carefully dissected the aneurism 
after its removal from the body. 

On removing the skin from the front of the abdomen a nu- 
merous array of tortuous blood-vessels was found ramifying in 
every direction; the tortuous branches of neighbouring trunks 
were seen to anastomose directly with each other, and the ter- 
minations of the trunks themselves were observed to be con- 
tinuous with each other. The deep epigastric artery (as large 
as the axillary) ran up along the outer border of the rectus 

21—2 
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muscle, giving ofif lateral branches; other branches of the epi- 
gastric passed outwards and anastomosed with the lower inter- 
costal arteries, these latter being much enlarged and tortuous. 
One lateral branch of the epigastric given off from its inner side 
penetrated the umbilicus, and running along the free border of 
the suspensory ligament of the liver, entered the longitudinal 
fissure of that organ and anastomosed with a branch of the 
hepatic artery. The superficial epigastric artery, enlarged and 
very tortuous, entered a plexus of vessels formed by it and 
branches of the lower intercostal arteries. The superficial cir- 
cumflex iliac followed the same course and joined ia an anasto- 
mosis with the lower intercostals. 

After opening the abdomen the superior mesenteric arteiy, 
as large as the aorta, was apparent, and the colica media branch 
enormously enlarged gave off branches of a very large size, 
which joined the anastomosis of similarly enlarged vessels given 
off from the colica sinistra branch of the inferior mesenteric. 
All these anastomosing vessels were as large as crow-quills, 
even at their points of union with each other. The state of the 
inferior mesenteric artery was most peculiar, for while giving off 
these large branches the trunk of the vessel was dwindled to 
the size of the radial artery, and its coats were thin and flaccid. 
This wasted state of the vessel was easily accounted for by find- 
ing that the vessel entered that part of the aoi-ta which had 
been occupied by the first aneurism, and which was now a mere 
fibrous mass. It was evident, therefore, that a very free current 
had been sent through this anastomosis of the colica media and 
sinistra, but it must b6. further noticed that the sigmoid and 
superior hsemorrhoidal branches of the inferior mesenteric were 
also very much enlarged, and their branches entered very freely 
into their network of anastomosis lying on thp left of the aorta 
and between it and the descending colon. The rest of the vis- 
ceral branches of the aorta were in their natural state, but a 
very large and free union was found on the surface of the iliacus 
and quadratus muscles, between branches of the last lumbar 
and ilio-lumbar artery (which in this instance was given off 
from the common iliac). This anastomosis was also joined by 
the circumflex ilii and by branches of the upper lumbar arte- 
ries, these latter much enlarged. 
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The circumflexus ilii divided into two branches at the crest 
of the ilium (one as large as the radial, the other as large as the 
ulnar); the upper joined the anastomosis of the ilio-lumbar and 
lower lumbars, the other joined the large terminal branches of 
the upper lumbar arteries. 

Thus, it will be seen — 1st, That outside the abdomen the 
circulation was carried on between the internal mammary and 
deep epigastrics; the hepatic artery and a branch of the epigas- 
tric; the intercostals and deep epigastric; the intercostals and 
superficial epigastric; the lower intercostals and the superficial - 
circumflex iliac. 

Within the abdomen the circulation was carried on between 
the colica media and the colica sinistra branch of the inferior 
mesenteric, with its sigmoid and haemorrhoidal branches; the 
upper lumbar arteries and the ilio-lumbar; the lower lumbar 
arteries and the circumflexus ilii. 

No anastomoses were found between the visceral and pari- 
etal branches of the aorta, except between a branch of the epi- 
gastric and the hepatic. In this respect the case difiered very 
materially from the condition met with by Dr Chiene in a case 
of aneurism of the aorta, where the coeliac axis, superior and 
inferior mesenteric arteries, were obstructed at their origin, a 
description of which will be found in the 3rd volume of this 
Journal, p. 65. 

As regards the state of the aorta itself, it was observed to 
be largely dilated up to the new aneurism, which had become 
** diffuse" before death, and rendered any careful dissection im- 
possible, as the whole of the precincts of the aorta were com- 
pletely occupied by large coagula and masses of semi-coagulated 
blood. The aorta below this was completely occluded, and its 
walls in an atrophied condition. 

The importance of the case is greatly enhanced by the post- 
mortem evidence of its reality which has been now obtained. 
Until this was procured I hesitated to press its claims on the 
notice of the profession, lest there should have been any error 
of diaofnosis. Now that all fear on that account is removed I 
would claim for the case great importance, because it involves 
in itself not one but several facts new to anatomy, physiology, 
and practical medicine. It establishes, 
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1st, The possibility of suddenly blocking up the aorta be- 
low the renal arteries without injury to the patient. 

2nd. It reveals the channels by which blood finds its way 
to the lower part of the body when the aorta is thus occluded. 

3rd. It shows the vast importance of giving chloroform in 
using pressure for the cure of aneurism. 

And 4th. It proves that aneurism can be cured in a few 
hours by coagulation of blood, while the old method which 
cured the disease by fibrinous lamination lasted, on an average, 
five and twenty days. 



LIGAMENTOUS ACTION OF THE TRAPEZIUS MUS- 
CLE PATHOLOGICALLY ILLUSTRATED. By Pro- 
fessor Cleland, Oalway. 

A CASE which has occurred in my hospital practice presents 
some points of anatomical interest, which may render it not 
unworthy of notice in this Journal, The patient is a young 
man who was discharged some years ago from the army on ac- 
count of bad health. He suflfers from lupus, which proves very 
amenable to treatment, but breaks out agaiu after he has left 
hospital. He was treated in summer for a large ulceration of 
the right side of the neck, betwsen the borders of the stemo- 
mastoid and trapezius muscles, precisely opposite the position 
of the spinal accessory nerve. As the ulcer was simply dressed 
with permanganate of potash, it was left to the care of a 
wardsman, who certainly passed the turns of his bandage con- 
stantly over the shoulder of the affected side and underneath 
the other shoulder ; but that is not sufficient to account for the 
deformity found to exist when the patient was able to sit up. 
When he sits with the vertebral column and sternum perfectly 
straight, he has yet an appearance of being twisted and bent 
forward, which is entirely due to loss of the action of the trape- 
zius muscle. The clavicle is fallen downwards and forwards, 
the shoulder is at a much lower level than the other, and the 
inner border of the scapula is removed outwards. The position 
of the whole shoulder-girdle of the right side is one which can- 
not be imitated on the left ; and we have thus a beautiful illus- 
tration afforded that the human shoulder when at rest is not 
merely supported by the stemo-clavicular ligaments, but is 
hung from the neck by the trapezius muscle. It appears, there* 
fore, that the trapezius affords an example of that ligamentous 
action of muscles to which I formerly drew attention \ whereby, 
through the shortness of their fibres, they limit the amount of 
movement which otherwise would be allowed by the construc- 
tion of the skeleton. 

It may be noted that in this case, although the shoulder 
hangs down when at rest, the power of shrugging it by means 

1 In this Joumalf November 1866. 
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of the levator anguli scapulae remains; and althongli the scapula 
at rest falls outwards, the power of approaching it to the spine 
•by the rhomboid muscles remains. On account, apparently, of 
the acromion being thrown into ^m oblique position, and proba- 
bly also in part by the action of the stemo-mastoid muscle, the 
patient can still raise his arm above the level of the position at 
right angles to the trunk, although that position is the highest 
to which in normal circumstances the arm can be elevated by 
the deltoid muscle, and further elevation involves rotation of 
the scapula. The clavicular portion of the pectoralis major co- 
operates with the deltoid in raising the arm, standing out rigid 
as if it formed with it one muscle; a result which certainly I 
should not have expected, and which I can only explain by 
taking into consideration that the patient cannot stretch his 
arm directly outwards, but, when told to do so, twists his spine, 
and stretches his arm forwards, and that the clavicular part of 
the pectoralis major has normally the power of elevating the 
humerus with an inward motion. When the elevated arm of 




the patient is laid hold of, and drawn back so as to point di- 
rectly outwards from the body, it springs forwards again as soon 
as the pressure is removed. 
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Note. About a year after the writing of these remarks 
the patient died of pharyngeal disease and scirrhoBis of the 
liver ; and it was found to be really the case that the spinal 
accessory nerve was involved in the cicatrix of the ulcer re- 
ferred to, and could not be traced further. The upper part 
of the trapezius had entirely disappeared, while the rest of the 
muscle was extremely thin, but of a red colour, having been 
{Hrobably supplied by undivided branches of nerve. 



A CASE OF EPISPADIAS, WITH REMARKS. By Pro- 
fessor Cleland, Gtdway. 
Although there have now been a number of cases of epispadias 
recorded, and references to the cases described by Eastlake', 
Bergh*, and Bryant', have been given by Professor Turner in 
previous numbers of this Journal, the malformation is suffi- 
ciently rare to make a drawing of a well-marked example still 
interesting. 

In the accompanying sketch the penis is in the position in 



> Mei. Timet and Qaz. July 20, 1867. 
' Virehtm'i Arehiv, ill p. 305. 
* Guy'( Hoipital Repi/rU, p. 419. 
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which it could be placed by pressing the glans slightly down- 
wards with a finger; only, for the sake of clearness, the finger 
is not represented. The patient is a well developed boy seven 
months old, with the testes completely descended. 

The fringe on each side of the urethral groove, separated by 
a sulcus from the glans externally, is certainly the margin of a 
corpus spongiosum which has failed to meet over the urethra 
with its fellow of the opposite side. The example of epispadias 
in the adult dissected by Bergh demonstrates that point; for 
although in Bergh s case there appears to have been little or no 
fringe, the transverse section showed that the urethral groove 
lay on the dorsum of a well marked corpus spongiosum, above 
and between the corpora cavernosa. In this case, as in the one 
figured by Bergh, well-marked foramina of Morgagni were seen 
in the floor of the urethral groove. The child, as far as can be 
as yet judged, has full power of retaining its urine, and as it 
happened to urinate while the sketch was being made, it was 
observed to have the power of projecting the very full stream a 
little distance from the body. 

There is still considerable difficulty in the way of under- 
standing the development of malformations of this description. 
W. Frolik* casts aside the hypothesis of rupture, and imputes 
both simple epispadias and ectopia vesicae to arrest of de- 
velopment: and in this Professor Humphry appears to agree 
with him. But epispadias, whether with or without ectopia 
vesicae, is, when the glans is developed, something else than a 
failure of lateral parts to meet in the middle line. In normal 
circumstances the earliest appearance of the genitals would 
seem to be as a papilla in front of the cloaca, with lateral folds 
passing down by the sides of that orifice ; and this papilla makes 
its appearance after the base of the allantois has been covered 
in by superficial structures. In simple epispadias there is an 
infrarpubic opening superior to the genital papilla, instead of 
patency of the original passage below it; and in the example 
dissected by Bergh it was demonstrated that the pubic sym- 
physis was normal. In cases of ectopia vesicae with develop- 
ment of the glans, there is the same obliteration of a primary 

1 Artide Teratology in Cycloj^adia of Anatomy and Physiology. 



A CASE OF EPISPADIAS. 323 

opening beneath the penis, with a larger abnormal opening 
above it, and there may be perfect development of the glans, 
although, as in the ease the dissection of which has been re- 
corded by Professor Humphry in this Journal, III. 81, the pubic 
arch may remain imperfect. Now, -it is not easy to see how 
an opening above the genital papilla can exist either in the 
form of simple epispadias or ectopia vesicae without early rup- 
ture of the anterior wall of the uro-genital sinus or of the allan- 
tois, seeing that the allantois is not developed in lateral parts, 
but as a miesial structure. Such a rupture might arise in con- 
sequence of obliteration of the normal goDito-urinary orifice by 
tightness of the septum which, at a period later than the ap- 
pearance of the genital papilla, cuts oflF the sinus uro-genitalis 
from the rectum. The position of the corpus spongiosum above 
the corpora cavernosa becomes explicable by assuming that the 
corpus spongiosum is developed from behind forwards, and is 
fundamentally neither above nor below the corpora cavernosa^ 
but an erectile development between the crura, and more closely 
embracing the genito-urinary canal. Such cases as that de- 
scribed by Luschka^ in which a small canal with a detached 
portion of prostatic gland was found on the dorsum of an other- 
wise normal penis, may be explained by the supposition that a 
temporary stricture had occurred, such as I have supposed, in 
the development of the perinseal band in early foetal life, but 
that it had been overcome, and that the abnormal passage, 
ceasing to be developed as the normal one grew larger, had 
dragged forwards with it some glandular structure from the 
prostate. 

^ Virchoto's Archiv. XLtn, p. 592. 



ON SOME IMPROVEMENTS IN THE MODE OF 
MAXING SECTIONS OF TISSUES FOR MICRO- 
SCOPIC OBSERVATION. By William Rutheefoed, 
M.D., F.R.S.E. PTofessw of Physiology, King's College, 
London. 

Mb Stirling, the Assistant Curator of the AEatomical Museum 
in the University of Edinburgh, deserves the thanks'of all hia- 
tologista for the excellent Section Machine invented by him 
some years ago, and described by him in this Journal (p. 230, 
May, 1870). I have instructed my students how to use this 
machine for several years, and I can therefore bear testimony to 
its excellent capabilities. Three or four years ago I modified the 
machine in a manner which rendered it more extensively useful, 
and recently I have added to it another arrangement which I 
deem so important that I think it worthy of being brought 
under the notice of all his 



Mr Stirling's machine consists essentially of a cylindrical 
tubular cavity {S), the bottom of which is closed by a brass 
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disc or washer which can be raised or depressed by means of a 
screw {S'), The upper part of the cavity is open and is sur- 
rounded by a perfectly flat brass plate upon which the knife 
glides when the section is being made. The machine can be 
clamped to a table by means of a screw (S "). The tissues to be 
cut ai*e placed in the hole H, If their shape be irregular 
they should be imbedded in some such substance as paraflSne; 
ordinary paraffine is too hard for most purposes. By the follow- 
ing formula, suggested by Dr Ferrier, Demonstrator of Practical 
Physiology in King's College, one can readily make a fixing 
material which, in general, answers admirably. 

Solid paraffine 5 parts. 
Spermaceti 2 parts. 
Axunge 1 part. 

By varying the amount of axunge one may obtain a substance 
of any desirable consistence which melts at a low temperature 
— is easily cut — does not stick to a wetted knife, and which 
readily separates from the tissue which may be imbedded in it. 
This substance should be kept in a covered tin vessel, such as a 
small coffee-pot; in which it may be protected from dust, readily 
melted, and from 'which it can be easily poured. This fixing 
agent answers best for most things. If, however, the body to be 
cut have a tolerably regular outline, it may, as Mr Stirling 
recommends, be imbedded in a carrot, or in a white or yellow 
turnip — from which all sand has been removed by careful 
washing. With this view a cylindrical piece of the vegetable is 
cut by means of a cork borer — the calibre of which is equal to 
that of the cavity in the section machine. A suitable hole is 
then carved in this vegetable cylinder by means of a cork-borer 
of convenient size, or by means of a knife, and into this hole 
one places the tissue to be cut, and the entire arrangement is 
then pushed into the cavity in the machine, and, if need be, 
is wedged therein by means of little strips of carrot or turnip. 
Undoubtedly the knife cuts the vegetable more readily than the 
paraffine support. 

The thickness of the sections is of course regulated by the 
extent to which the screw S' is turned. In Mr Stirling's 
machine this is done by guess — a serious inconvenience to. 
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beginners, indeed to anyone who desires to make sections of 
uniform thickness. This lack of precision is of course very 
readily supplied by placing an indicator in connection with the 
screw, so that one may give an |, or J, or ^, or a whole turn of the 
screw, and so on. The botanists object to this machine on the 
score that it is troublesome to use it for cutting a hard thing, 
like a piece of wood, unless this be made to fit the hole {H) 
or be imbedded in something or other. This want I have 
supplied by having a small segment (5) cut out of the wall of 
the cavity H. The breadth of this segment is about J the 
circumference of the cavity, and its depth is about ^ an inch. 
The segment has a screw (S) and two guiding rods attached to 
its outer surface. By means of the screw it can be pushed 
forwards to any distance towards the opposite wall or retracted, 
as represented in the figure. By means of this clamp hard 
things can be at once fixed and cut. When this clamp is used 
an oval rod of wood or brass of smaller diameter than the 
structure to be cut must be placed below it, so that it may rest 
on the top of the screw 8' and serve to communicate the move- 
ment of this screw to that of the tissue to be cut. This arrange- 
ment is necessary because the clamp projects over the top of 
the screw S\ and the tissue could not be moved upwards by 
this screw unless it projected below the clamp. 

The last and most important modification which I have 
made on this apparatus supplies a want which every advanced 
histologist must have experienced. All soft tissues require to be 
hardened ere they can be cut in a machine of this sort. It is 
in many cases extremely inconvenient to wait from two to six 
weeks until a tissue be hardened in chromic acid, &c. The 
mode of hardening tissues by freezing is well known. Most 
beautiful sections of frozen lung, liver, kidney, muscle, skin, 
brain, &c., may be made by an ordinary razor. Sections may 
be made in this way much finer and larger than they can by 
means of Valentin's knife from the unhardened tissue. More- 
over this mode of hardening tissues possesses in some cases, and 
for some purposes, many advantages over that in which harden- 
ing fluids are employed. I have, I confess, hitherto adopted the 
freezing process but little, owing to lack of any convenient 
method for cutting the frozen tissue. It is customary to put the 
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tissue into a metal crucible surrounded by a freezing mixture, 
and then to make sections as best one can. The method is 
clumsy and inconvenient. I have succeeded in rendering it 
simple and satisfactory by the following modification of the 
above-mentioned machine. I removed the wood which sur- 
rounded the brass tube (around H) in Mr Stirling's machine, 
and enclosed the space previously occupied by the wood by 
a piece of thin brass (T). The upper and lower edges of this 
brass are soldered everywhere, excepting at the left side, to the 
borders of the horizontal brass plates at the top and bottom 
of the instrument. A freezing mixture, consisting of salt and 
pounded ice, is put into the chamber {H') enclosed by 1\ This is 
readily introduced at the left side, where, with this view, the 
box is made to project. A stopcock (5^2^) permits the fluid re- 
sulting from the melting of the ice to flow away when required. 
When I want to freeze a tissue I put it as far down into 
the hole H as it can go, and I pour into the hole the ordinary 
neutral salt solution (0-75§ solution of common salt in water). 
I then fill the box H' with the freezing mixture, and cover the 
whole machine with flannel or cotton wadding to prevent as 
far as possible the admission of heat. If this amount of 
freezing mixture do not suflBce, the stopcock is turned to allow 
the fluid to flow out of H\ and more freezing mixture is intro- 
duced. The entire contents of the cavity H are generally 
rendered quite solid in from ten to fifteen minutes. If the 
tissue to be cut be very small, it should be held in the fluid 
within H against the wall. On this a layer of ice soon forms 
sufficiently thick to enclose the object. Once the tissue is 
frozen it is of course very easy to keep it in this condition • 
The next thing to be done is to cut the frozen tissue and the 
ice in which it is enclosed. To do this satisfactorily baffled me 
for some little time. When the ice is perfectly hard and crys- 
talline it splinters, and on this account the section is much 
broken, and I need scarcely say the face of the knife suflfers 
sadly. I find, however, that by breathing on the knife and the 
ice while the section is being made, or by dipping the knife 
into water gently warmed, or by brushing the above-mentioned 
salt solution at a temperature of about 65" Fah. over the surface 
of the ice and tissue to be cut, the crystalline condition of the 
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ice is undone, and beautiful sections may be made if the knife 
be passed through it with a very rapid sawing movement. Of 
course the ice around the section soon melts, and therefore no 
trouble is required to remove the fixing agent, as in the case of 
paraffine, carrot, &c. The capabilities of this arrangement will 
be readily appreciated from the following experiment. I killed a 
medium-sized rabbit, and immediately removed a portion of a 
lung, liver, intestine, muscle, and a whole kidney. I rapidly 
washed them in salt solution (vide supra), and put them, hot as 
they were, at once into the machine and covered them with salt 
solution. I put the freezing mixture into the box and covered 
the whole with cotton wadding. The box H' required to be 
about half refilled with the freezing mixture ere the tissues 
were completely frozen. To freeze them thoroughly required 
sixteen minutes. I then made sections, as fine as any one 
could possibly desire, of all the diflferent tissues at once, picked 
them off the knife with a camel-hair pencil and put them into 
separate vessels for examination. Perhaps some supporting 
fluid other than salt solution will be suggested by future re- 
search. I have not as yet been able to find a better. Perhaps, 
too, other modifications of the machine may be suggested, but 
for the present I am unable to think of anything that could 
be done to render the apparatus more perfect than it now is. 
For making the sections I use a razor, a circular amputating 
knife, or a knife with a long broad blade ground flat upon one 
side. 

The machine as above described is made by Mr Hawksley, 
Blenheim St., New Bond St., W. 



ON THE RELATIVE EXCITABILITY OF DIFFERENT 
PARTS OF THE TRUNK OF A SPINAL NERVE. 
By Wm. Rutherford, M.D., F.RS.E., Professor of Phy- 
siology, King's College^ London, 

As is well known, Bfliiger some years ago showed that if the 
isciatic nerve of the frog be stimulated at one time near the 
gastrocnemius and at another time at a distance from the mus- 
cle, the contraction which takes place is more powerful in the 
latter than it is in the former case, even although the irritant 
be of the same strength in both^instances. 

The manner in which 'this experiment is performed will be 
readily understood with the aid of^thefdilowing diagram. 




Fijg. 1. ShoTOig the arrangements for performing Pfltiger's experiment 
desGiibed in the text. N Soiatio Nerve. M Gastrocnemios of frog. R' and 
J2" primary and secondary ooils of Da Bois Reymond's Induction machine. 
C Pohl*s commutator^, vitii wires connecting it to the induction machine and 
to the nerve.* 

^ For an account of the mechanism of Pohl's commutator the reader is 
referred to my Lectures on Experimental Physiology in the L(mceU No. YI. 
Vol. 1. 1871. 
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The sciatic nerve of the frog is dissected out in its entire 
length, and is divided as near the spinal column as possible. 
The femur and muscles of the thigh are divided, and the leg, 
with its nerve, is removed. In cleaning the nerve it is impor- 
tant to remember that it must not be stretched or scratched, 
otherwise the experiment may completely fail. Every care 
must be taken to injure the trunk of the nerve as little as pos- 
sible. The nerve must not be allowed to dry, else failure is 
inevitable. I find it best to perform the experiment the mo- 
ment the nerve is cut out. K one be compelled to wait for 
more than three or four minutes the nerve should be pencilled 
with saliva, allowed to cool in a watch glass. The nerve (If) is 
laid upon two pairs of clean copper wires, one pair placed near 
the gastrocnemius (if), the other pair placed near the free end 
of the nerve. The wires are joined to a Pohl's commutator ((7), 
and this is connected by means of another pair of wires with 
the secondary coil {R") of Du Bois Reymond's Induction ma- 
chine. The primary coU of this (J2 ) is joined to a battery. 
When the bridge of the commutator (H) is in the position in- 
dicated in the figure the faradic currents pass through the 
nerve near the muscle by the wires joined to 1,^ and 1^^^. When 
the bridge is turned so as to make it lean to the side of the 
commutator which is lowest in the diagram, the currents no 
longer pass through the above-mentioned wires, but through 
those touching the nerve near its free end. Before the expe- 
riment is begun, the coils {R and ff') of the induction appa- 
ratus are separated from each other to a distance of about 20 
inches. The bridge of the commutator is placed so that the 
nerve will be stimulated near the muscle. The induction ma- 
chine is then thrown into operation. The muscle will most 
probably remain motionless, because the induced currents are 
not powerful enough to affect the nerve. To render them suf- 
ficiently strong, the secondary coil (J2") is very slowly pushed 
towards the primary coil (jK'), and this movement is arrested 
the moment the toes are thrown into a slight tremor, indicating 
feeble contraction of the muscles of the leg. Without arresting, 
or in any way altering the action of the induction machine, the 
bridge of the commutator is turned, so that the nerve will be 
irritated at a distance from, instead of near to, the muscle. If 
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the experiment succeed, it will be observed that the contrax^tion 
of the muscles is now very decidedly exaggerated; and this, 
although the irritant for all practicail purposes remains of uni- 
form strength. We may vary the experiment, and begin by 
finding out the feeblest currents necessary to throw the muscle 
into contraction when applied to the nerve near its free end, 
and then cause this current to operate on the nerve near to the 
muscle. Most probably, in the latter case, the leg will come to 
rest, the irritant not being powerful enough to affect the nerve 
in the latter situation. 

This, then, is the experiment for which we are indebted to 
the distinguished Bonn physiologist. How are the results to 
be explained? According to Pfluger the experiment shows 
that the passage of nerve force along a nerve resembles the 
rush of an avalanche over a precipice. It gathers force as it 
descends. If it were true that the nerve influence passes 
through a nerve in this avalanche-like (lawinartig) manner it 
would be a fact of great importance in nerve physics, for it 
would show that the longer the nerve through which the nerve 
energy must pass, the easier is it to produce a result in the 
tissues at the nerve terminations; in other words, the longer 
the nerve the feebler need be the stimulus applied to it in 
order to produce a given result. I have long been in the habit 
of pointing out to my class that Pfliiger's explanation cannot 
be accepted until it be proved that the result of the experiment 
is not simply due to the excitability of the nerve being less 
near than it is at a distance from the muscle. Eosenthal long 
ago discovered the fact that if a nerve be tied or divided, its 
excitability is for some time increased. This increase is most 
marked near the point of injury. This fact I have repeatedly 
verified. Pfluger cut the sciatic nerve, as I have described, and 
found that an irritant applied near the cut end produced a 
greater effect than when applied at a distance from it. This 
might simply be due to the greater irritability of the nerve 
near the seat of injury; and, moreover, the greater irritability 
of the nerve at this point might be owing to its being nearer 
the injured part. I have always regarded this explanation as 
more probable than Pfliiger's. Experiments recently performed 
by me serve, however, to materially advance our knowledge 

22—2 
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T^arding this interesting question, and, indeed, to place the 
matter in a new light. 

I perfonned a number of experiments on frogs in the fol- 
lowing way. I ezpoeed and carefully dissected ont one scistdc 
neire. I tied the sciatic artery, and divided the muscles and 
bones of tbe tbigh. I hung the frog up by a pin thrust throogli 
the point of tbe nose, and I fixed tbe femur in a pur of forceps 
in order to support tbe nerve and jihoe it for convenience in 
a somewhat horizontal positioD. 



Fig. 9. Fiog irith ti^t leg partully unpnteted. Bi^t Bd&tie nem E 
A and B two paiiB at Tins toi stimalatiDg the nerve. (Foi farthei e^lani- 
tjom see text.) 

In order to irritate the nerve I placed two purs of wires, as 
indicated in Fig. 1, under the nerve, taking care that the wires 
touched nothing but the nerve. In order to render the insu- 
lation of the whole more complete, I placed the stands support- 
ing the frog and its detached leg upon a sheet of diy gutta 
percha. I did not divide the nerve, because I wanted to avoid 
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the increase of its excitability which this would have occasioned. 
In two frogs the power of voluntary motion remained, while in 
five this was paralysed In one of these a grain and a half of 
chloral, in the other four, twenty minims of tincture of opium 
were injected under the skin of the throat. In every case I 
sought for the feeblest current which was just sufficient to 
cause the toes of the right foot to tremble when brought to 
bear upon the nerve at B (Fig. 2). On applying this irritant 
to the point A, a much more decided contraction of the muscles 
of the leg invariably followed. Hence I found here just Pflli- 
ger's result, which I have described above. But the motor nerve 
fibres implicated had not been divided. Therefore it cannot he 
held that lesion of the nerve was the cause of tiie irritability being 
greater at A than at B, It occurred to me that Pfluger's ava- 
lanche hypothesis might be put to the test in the following 
way. He experimented only on motor nerves. I resolved to 
do so upon afferent nerves (excito-motor).. Were Pfluger right, 
then, we ought to find that an irritant of uniform strength 
produces stronger reflex action in the left leg and arms when 
applied at B than when applied at A\ for, in the former 
case, the influence has a longer tract of nerve through which 
to pass. (Vide supra.) The result, however, was precisely the 
reverse of what Pfluger's hypothesis led one to expect. The 
irritant produced the most powerful reflex action not when ap- 
plied at B but when applied at A. I am, therefore, obliged to 
say that Professor Pfliiger's explanation cannot in my opinion 
be entertained. 

It may be well that I should indicate more precisely the 
results which followed the stimulation of the nerve in these 
cases. As above-mentioned, I found out first of all the feeblest 
electrical stimulus strong enough to cause slight contractions of 
the detached leg when applied to the nerve at B. This stimu- 
lus almost never caused the arms or left leg of the frog to 
move ; in short it gave rise to no evidence either of pain or re- 
flex action in the arms or muscles of the opposite leg at any 
rate. When the same irritant was applied at A, the contrac- 
tions of the detached leg were decidedly increased, the left leg 
was often drawn up, and sometimes the arms were moved as 
well It sometimes happened that in order to produce reflex 
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action in the arms and left leg by stimulating the nerve at A, 
the irritant required to be stronger than that which sufficed to 
throw into contraction the muscles of the detached leg when 
applied to the nerve in this position. In order to increase the 
excitability of the aflferent nerve fibres, I — after making the 
above observations — divided the nerve between the detached 
leg and the part over the wires at B. This decidedly increased 
the excitability of the aflferent fibres in the part of the nerve 
at B, but in only one instance (Obs. 9, Experiment iv.) did it 
seem to render them as irritable at -B as at -4. 

In four other experiments I divided the spinal cord in the 
cervical region with a view to get rid of sensation and volun- 
tary motion. The results of the experiments in these cases 
only indicated what the others did, to wit, that both aflferent 
and eflferent nerve fibres were more irritable at the point A 
than at the point B. Probably in these four cases the divi- 
sion of the spinal cord must have increased its irritability; 
and, seeing that the portion of the sciatic nerve A was nearer 
to the injured portion of cord than the portion at B, it could 
be held that in these cases the diflference between the excita- 
bility at A and B might be due to this lesion of the cord. But 
we have seen that the same facts were observed in those cases 
where the cord had not been divided. In these four cases, too, 
division of the nerve between the wires at B and the detached 
leg did not raise the excitability of the aflferent fibres in the 
part of the nerve at B so high as it was in those fibres in the 
part at A. (See Obs. 13, Exp. viii.) This is what one would, 
A priori, have anticipated from the fact, that such a section was 
generally unable to do this even when the spinal cord had not 
been divided, and its excitability, together with that of the 
nerve at A, not therefore abnormally exalted. 



Conclusions. 

These experiments appear to me to show 1st, that Pfltiger's 
avalanche hypothesis alluded to above is untenable; 2nd, That 
both the afferent amd the efferent fibres {at least the exdto-motor 
a/nd the motor fifyres) of the trwik of a spinal nerve are more 
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excitable near the spine than at a distance from it Although 
my experiments do not prove it, yet nevertheless we may 
safely substitute the words nerves centres for spine; and we 
may therefore say, That the excitaJnlity of any point in the trunk 
of a spinal nerve is inversely as the distance of that point from 
the nerve centre. I say trunk advisedly; for I know nothing 
regarding the excitability of the fibres near the peripheral ter- 
minations of the nerve. 

This new law leads to novel and interesting questions re- 
garding the influence of nerve centres upon nerve fibres. What 
can be the cause of the greater excitability of the fibre near the 
nerve centre or cell? Is it a difiference in the blood supply? I 
think not, because I found that removal of the heart previous 
to exposure of the nerve, in the manner indicated above, made 
no apparent difference in the result. A direct action of the 
nerve cell upon the nerve fibre is probably the cause. Does 
every nerve cell exert this action upon its fibres ? or have only 
some cells this power? Have these cells a trophic function? 
that is, do they affect the nutrition of the nerve, — or do they 
merely exert upon the molecules of the nerve fibrils an influ- 
ence which renders them more excitable, — ^the power of this 
influence being inversely as the distance of the molecules from 
the cell? I am unable to answer these questions. 

It wiU be readily understood why I have said that a spinal 
nerve is most irritable near its nerve centres, instead of saying, 
near the spinal cord. One has only to remember the ascer- 
tained trophic influence exerted by the intervertebral ganglia 
upon the posterior roots of the spinal nerves in order to perceive 
that, with regard to this point, these ganglia must not be over- 
looked. 

Note. Any one may readily perform the experiments which 
I have described; but I would remind him that unless he care- 
fully avoid stretching, scratching, or other laceration of the 
nerve trunk, and unless he take care lest the nerve become 
dry, he will most probably arrive at results which it will sorely 
puzzle him to reconcile with those which I have given. 
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PROFESSOR RUTHERFORD. 



EXPERIMENTS. 



Du Bois Beymond's induction apparatus with one Smee's cell 
used as the irritant in all the experiments. 



9 



Is, 



I. 



n. 



III. 



ft 
"I 



Time. 



8 
4 



6 



icscr 



io.s(y.i6" 



lO.SlU" 
10.32M4" 



10.82'.60" 



lo.ss'.ir 



10.88'.27" 



4.4' 

4.6' 
4.8' 
4.16' 
4.16'.80" 

4.19'.6" 



Distance in 
mfllimetfes 
of primary 
firom second- 
ary c6il of 
induction 
macliine*. 



850 



850 



200 



200 



254 



The portion 

of nerte 

stimulated. 



B 

(«eeFig.2). 

A. 



B. 



A. 



B. 



840 



B« 



Besults and Bemarks. 



A strong frog prepared as indicated in 
Fig. 2. No narcotic given. Nerve mois- 
tened with saliva. 

Slight contractions in muscles of right leg 
(see Fig. 2), No movement of left leg or 
arms. 

Movements of right leg much intensified. 
Movements (reflex or voluntary) of left leg 
and arms. 

Obs. 1 and 2 repeated with similar results. 
Tetanus of right leg. Left leg drawn np. 
This was the weakest current which caused 
voluntary or reflex movements of left leg 
when applied at B. 

Tetanus of right leg more powerful. Vio- 
lent convulsions of the whole body of the 
animal. 

Nerve divided between B and gastrocne- 
mius. 

This was the weakest current which now 
Bufiiced to cause movements of the left leg 
when applied at B, The section had there- 
fore increased the excitability of the nerve 
at this point. But the excitability had 
not thereby been made equal to that of 
the nerve at A^ for although the distanoe 
between the coils was increased to 850 nmL 
movements of the left leg and arms ensued 
when the nerve *was stimulated at A. 
A repetition of Exp. I. with similar results. 
In tills case however the heart was re- 
moved previous- to the exposure of the 
nerve in order to stop the circulation 
through the nerve centre. See Conclu- 
sions, 

A large strong frog. 

) grain chloral injected under skin of 
throat. 

i ditto ditto 

j< ditto ditto 

\ ditto ditto 

Animal now completely narcotised. Bight 
Bciatio nerve prepared as in Exp. I. 
Slight twitching of right toes. No reflex 
action in arms or left leg. 



^ The greater the distance the weaker is the induced current. 
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I 



IV. 



''I 



V. 

VI. 

VII. 



vm. 



4 
5 

6 

7 



2 

3 

4 
5 



6 

7 
8 

9 



1 
2 

8 

4 

5 



Time. 



4.19'. 16" 

4.20'.2" 
4.22'. 8" 

4.22^.15" 

4.24'.29" 

LSC 



1.45' 

1.45M8" 

1.46'.46" 
1.47'.62" 



1.49'. 36" 

1.60'.40" 
1.61' 

1.61'.20" 



1.48' 
1.48M8'' 

1.49' 

1.49M6" 

1.51' 



Distance in 

millimetres 

of primaiy' 

firomsecxmd- 

ary coil of 

induction 

machine. 



340 

26a 
260 
180 



850 

360 

350 
850 



850 
350 

850 



830 
830 

820 

820 

270 



The portloD 

of nerve 
Btimolated. 



Results and Remarks. 



A. 

A. 
B. 
B. 



B. 
A. 



Appoint 
between 
AandB. 



A. 
B. 

B. 



B.. 
A. 

a:. 

B.. 
B.. 



Much more powerful contractions of right 
leg. No reflex action in arms or left leg. 
Obs. 2 and 3 repeated with same results. 
Decided reflex action in left leg. Tetanns 
of right leg. 

No reflex action in left leg. Less marked 
contraction of right leg. 
The weakest current which sufl^ced to pro- 
duce reflex action when applied at B, 
A medium sized frog. 
20 minims TinctursB Opii injected under 
skin of lower jaw. Aiiimal completely 
narcotised thereby. Bight sciatic nerve 
prepared as before. 

Slight twitching of toes of right foot. No 
reflex action in arms or left leg. 
Tetanus of right leg. Powerful reflex ac- 
tion in arms and left leg. 
Obs. 2 and 3 repeated with similar results. 
The wires at A were shifted to a point' 
midway between A and J3. The» effect of 
the irritant on the muscles of the right 
leg was not so marked as when the nerve 
was stimulated at ^. No reflex action 
was observed in left leg. 
Wires were brought back to Ak Beflex 
action was produced as in Observation 3. 
No reflex action. 

Nerve divided between B and gastrocne- 
mius. 

Reflex action just as when ii>was excited. 
This observation was repeated with similar 
results.. The parts of the excito-motor 
fibres at B seemed now to be as irritable 
as those at Al^ 

i Experiments similar to No. IV. Besults 
similar exceptiag that division of the 
nerve between the gastrocnemius and B 
did not render the excito-motor fibres m 
B so irritable as those in A, 
A medixmi sized frog. Spihar cord di- 
vided in cervical region. Bight sciatic 
nerve prepared as before. 
Slight contraction of right leg. 
Mor» decided contraction of right leg. 
No reflex action in left leg. 
Stronger contraction of right leg than in 
Obs. 2. Slight reflex action in left leg. 
No reflex action in left leg. Feebler ac- 
tion of right leg. 

Tetanus of right leg. No reflex action o£ 
arms or left leg^ 
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No. of 
Experiment. 


4 

^1 
O 

6 

7 

8 
9 

10 
11 
12 
13 


Time. 


Distance in 
millimetres 
of primary 
from second- 
ary coil of 
induction 
machine. 


The portion 

of nerve 
stimulated. 


Results and Bemarlu. 


TX. 
X. 
XI. 


1.51'.40" 

1.52'.18" 

1.52'.26" 
1.63' 

1.58M2" 
1.53'. 20" 
1.64'.6" 
1.66' 


200 

810 
810 

810 
810 
810 
245 


B. 

A. 
B. 

B. 
A. 

B. 


Stronger tetanus of right leg. Distinot re- 
flex action in arms and left leg. This was 
the weakest eurrent which called forth 
reflex action in left leg when applied to 
nerve at B, 

The weakest onrrent that now called forth 
reflex action in left leg. 
No reflex action in left leg. 
Nerve divided hetween B and the gastroc- 
nemins. 

No reflex action in left leg. 
Distinct reflex action in left leg. 
Obs. 10 and 11 repeated. Similar results. 
Reflex action produced. 
Therefore the section of the nerve had 
not rendered the exdto-motor fibres at B 
so excitable as those at .i. 

Experiments similar to No. VilL Be- 
stdts similar. 



NOTICE OF A CASE OF PECULIAR MALFORMA- 
TION OF THE HEART AND GREAT ARTERIES. 
By a. H. F. Cameron, M.RC.S., L.RG.P. 

A MALE infant, which lived for not more than between two and 
three days after its birth, presented on the first day no peculi- 
arity in appearance, but, on the second day, a very faint purple 
tinge of the skin was observed, though the warmth of the 
body seemed to be normal. A post-mortem examination, made 
unfortunately in a bad light and under other diflSculties,- re- 
vealed a very peculiar and unusual malformation of the heart 
and great arteries. 

The two ventricles freely communicated with each other 
through a large opening at the base of the interventricular 
septum. The two auricles formed practically but a single 
cavity, as the septum was represented by a mere fold. The 
auriculo-ventricular valves on the right side were feebly de- 
veloped; on the left normal From the base of the left 
ventricle arose the ascending aorta, which passed almost di- 
rectly upwards in front of the trachea, and terminated by 
dividing into two branches, the right branch, somewhat the 
larger, was the arteria innominata, the left might either be a 
left innominate, or only the left common carotid. The aorta 
had only two valves at its cardiac orifice. 

From the base of the right ventricle arose a much larger 
vessel, which inclined upwards and to the left, and was pro- 
longed into the descending aorta. From this large artery 
arose two branches : the one, which bifurcated behind the 
ascending aorta, was apparently the right pulmonary artery, 
the other was in all probability the left pulmonary. 

I am unable to speak with certainty of the origin of the 
left subclavian, as the examination was conducted under very 
disadvantageous circumstances. It is possible that the left 
branch of the ascending aorta might have been an innominate, 
in which case the subclavian would have proceeded from it; 
or the left subclavian may have arisen close to the spot where 
the great artery fit)m the right ventricle became continuous 
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with the descending aorta. The two venae cavsB were normal 
and there were four pulmonary veins. 

Cases of new-bom children in which the two sides of the 
heart have communicated freely with each other, through im- 
perfect formation of the intermediate septa, have so frequently 
been recorded that I should not have thought of recording 
this case, had the cardiac malformation not been complicated 
with the very unusual defect in the development of the great 
arteries I have just described. 

The case on record which presents the closest correspond- 
ence to the above,, is one described by Dr Greig in the Edin- 
bv/rgh Monthly Journal of Medical Science, July 1852. This 
case was a foetus about the ninth month. The two ventricles 
communicated by a large aperture at the base of the septum. 
The interaurioular foramen ovale was normal, and the valve 
fully formed. The ascending aorta terminated in three equal 
branches, right subclavian, and right and left common carotid 
arteries. The pulmonary artery, nearly twice the size of the 
ascending aorta,. gave off its righVand left branches to the lungs; 
a quarter of an inch further on, the artery gave origin to the 
left subclavian, beyond which, much diminished in size, it was 
continued on as the descending aorta. 

In a memoir on the Irregularities of the Great Arteries, 
British and Foreign Medico- Chi. Eeview, July and October, 
1862, Professor Turner not only gives an analysis of the cases 
which had up to that time been recorded, but illustrates their 
mode of origin by the variations which may occur, either 
through increased growth or complete atrophy,. in the develop- 
ment of the vascular arches and aortic roots in the early embryo. 
Commenting on Dr Greig's case. Professor Turner offers an 
explanation, which, as he has kindly pointed out to me, ap- 
plies equally to the case described in this communication. 
Atrophy of the fourth left vascular arch had occurred at an 
early period of embryonic life, in consequence of which the 
transverse part of the arch of the aorta had disappeared, and 
the ascending aorta was no longer continuous with the descend- 
ing thoracic aorta. The blood, therefore had to pass to the 
lower half of the body along that portion of the fifth left vas- 
cular arch, which is ealled the ductus arteriosus, so that the 
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pulmonary axtery and its arterial duct were much larger 
vessels than the ascending aorta. 

It is interesting to note that although the two sides of the 
heart freely communicated with each other, yet the child 
during its short life exhibited little or no blue discolouration 
or diminished temperature. 



NOTE ON A PECULIAR ORIGIN OF THE RIGHT 
SUBCLAVIAN ARTERY. By S. Messengeb Bradley, 
F.R.C.S., Lectu/rer on Human and Comparative Anatomy, 
Boyal School of Medicine and Surgery, Manchester. 

Amongst the peculiarities met with in the dissecting-room of 
the Manchester School of Medicine and Surgery during the 
Session 1870 — ^71*, there was an instance of the right subcla- 

^ This abnormality existed in the Ust snbject but one which was distribated 
doling the session 1870-71, and it is a carious fact that the next and last 
subject was affected with a somewhat similar peculiarity. These are the only 
instances of any peculiarity in the primary branches of the aorta observed in l^e 
dissecting-room of the Majichester School for the last fire years, during which 
time I have distributed 120 subjects for dissection. In the second case referred 
to, both carotid arteries were given off from a short single trunk, and the sub- 
clavian arteries arose one behind the other trom a point of the aorta further to 
the left. In this case, as in the one noted above, tlie right vessel was the more 
posterior of the two, but did not^ as in the former instance, pass between the 
trachea and oesophagus, but behind them both. Both subjects were femdes. 

There is in &e museum of the Manchester School a unique and most re- 
markable case of abnormality of the aorta itself. The arch is of the ordinary size 
and in the usual position. The primary branches are given off in the normal 
manner, with the trifling exception that the left vertebral artery springs directly 
from the aortic arch. Immediately below the origin of the left subclavian 
artery, and precisely on a level with the ductus arteriosus, which is rather 
larger than usual, the aorta suddenly contracts, terminatee in fact in a blind 
pouch; on the inferior aspect of this constriction, and connected with it by 
continuity of structure, the aorta recommences, so to speak, and almost directly 
regains its ordinary calibre. There U absolutely no eommunicatum between the 
two portions of (wrta which are separated by the constriction, and the appearance 
may be correctly conveyed to me reader by the similitude of a sausage with 
a string tightly tied around its middle. Half an inch beyond the commencement 
of the descending aorta, that is beyond the constriction, the first intercostal 
arteries are given off ; they are as large as average common carotid arteries, 
and anastomose with branches almost as large as tibiemselves, derived from the 
internal mammary vessels of either side. All l^e intercostal arteries are large 
and tortuous, and they all anastomose very freely with branches of the internal 
mammaries, but the principal channel of the collateral circulation is the double 
one which exists between the two first aortic interoostals and the two internal 
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vian artery being given ofif directly from the aortic arch. In this 
case it sprang from the extreme left of the transverse arch on 
its posterior aspect, and passed upwards and to the right, 
running between the oesophagus and trachea to continue down 
the arm in the usual manner. Most of the peculiarities met 
with in the human aorta and its branches are representatives of 
the normal condition of the vascular system in other verte- 
brates. Thus, e»g.y cases are recorded of the aorta arching 
over the root of the right lung, as is the case in the class of 
Aves: again, all the primary aortic branches have been seen 
to spring from a single tmnk, and such we know is the condi- 
tion most usually met with amongst the ruminating TJngulata: 
more frequently, two Brachio-cephalic arteries have been ob- 
served to arise from the aortic arch, which is the ordinary 
mode of division in the vascular system of the Hedgehog, Mole, 
and Bat. On the other hand, the peculiarity which is here 
noted does not seem to conform to the normal anatomy of the 
aorta of any other animal, nor is it explicable by any reference 
to embryology. 

As generally happens where a single striking abnormality 
is noted, there were many instances of vascular and muscular 
peculiarities in the subject here referred to. Amongst the most 
important of them, I noted that the left facial artery terminated 
in the inferior coronary, while the right was of normal size and 
arrangement. The left ulnar artery did not form a superficial 
palmar arch, but, continuing straight along the inner side of 
the hand, terminated in a single digital branch which was dis- 
tributed to the ulnar side of the little finger. There was an 
accessory pudic artery on both sides. There was no posterior 
tibial artery on the right side, its place being supplied by a 
large peroneal artery. 

A double Pronator Quadratus, which existed on the right 
side, was the most interesting myological peculiarity. 

mammary ajrteries. Mr Searson, the Curator of the Mnsemn, suggests, as an ex- 
planatii>n of this abnormality, that the lower wall of the ductus arteriosus was 
during ©mbryologioal development continued quite across the aortic arch, so 
forming a complete septum between the arch and the descending thoracic aorta. 



REMARKS ON A YOUNG AINO CRANIUM\ By John 

Kennedy, M.D. {JEdinb.), Elie, Fife. 

Some time ago I had the opportunity of examining a number 
of skulls from Japan and China, for which I am indebted to 
Dr Thin of Shang-hai, to whom they were sent. One of these 
was obtained from a burial-place of the Alnos; and as a skull 
of this race is rarely to be met with, I have thought that it 
might be of some interest to note its characteristic features, 
and the points in which it differs from the Mongolian type of 
skull, on the one hand, and from the ordinary type of Western 
Europe, on the other; so far at least as the age of the skull, 
which is that of a child, and its imperfect condition, will 
permit. 

From the condition of the sutures, and the state of deve- 
lopment of the teeth, the skull appears to be that of a child about 
nine years old; the permanent incisors and first true molars 
being fully developed, while the milk molars are still in their 
places. 

The skull is in an imperfect condition; wanting the nasal, 
lachrymal, ethmoid, and spongy bones, part of the upper jaws 
and malar bones, and the lower jaw. The loss of the nasal, 
and the mutilation of the malar bones, are the more unfortu- 
nate, as on the form of those parts have been founded some 
of the chief points of distinction between the Aino and Euro- 
pean type of skull. 

The denticulations of the cranial sutures are all very simple ; 
the tip of the great wing of the sphenoid bone on the left side 
has been developed from a separate centre of ossification, as is 
shewn by the presence of a large Wormian bone articulating 
with the anterior inferior angle of the parietal The frontal 
sinuses are very slightly developed, and all the muscular lines 
and impressions are feebly marked. 

The cranium is ovoid in form and nearly symmetrical, the 
greatest width being between the parietal eminences; the fore- 

1 Bead before the Boyal Physioal Society, Edmborgh, March 22, 1871. 
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head is well developed and nearly vertical; the frontal emi- 
nences are well marked, and the upper frontal and parietal 
regions are dome-shaped. 

The height and width of the orhital orifice are equal; the 
bones of the face are broader than in a European skull of the 
same age; and the zygomatic arches, making allowance for their 
mutilated condition, seem to point to a somewhat pheno-zygous 
form of skull; certainly they shew more prominence than in 
the British skulls, with which it has been compared. The as- 
cending processes of the superior maxillary bones are broad, 
and the space left between them clearly indicates narrowness 
and length of the nasal bones. 

The length of the palate exceeds its breadth by 0*6 of an 
inch, a proportion which does not differ materially from that 
of a European skull at the same age. 

Posteriorly, the skull presents a pentagonal form with 
rounded angles; in this view also the greatest width is between 
the parietal eminences. The upper part of the occipital region 
is flattened, and the distance between the occipital protube- 
rance and the foramen magnum is short. The foramen itself 
is very large relatively to the size of the cranium. 

The advanced position of the jugular process, on which 
Mr Busk founds one of the chief characteristics of the Aino's 
skull, does not appear in this specimen, nor indeed does it seem 
to be a constant character, as is shewn in Dr B. Davis's paper, 
"On the skeleton and skulls of the Amos," published in.Jfc- 
moirs read before the Anthropological Society, Vol. iii. 1867, 
1868, 1869. 

Laterally viewed, the principal features of the skull which 
arrest the attention are its great depth, and the shortness and 
flatness of the occipital region; the shortness, however, being 
exaggerated by the depth, and being not greater than in one 
of the British skulls with which it was compared. 

As the only Japanese skull available for comparison with 
the Aino's was that of an adult, and one of probably an excep- 
tionally low type, with which, therefore, it would be unfair to 
institute a comparison, the Aino skull is here contrasted with 
two British skulls from the Museum of the College of Surgeons, 
Edinburgh, one of the same age, the other, perhaps, some 
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months younger; and also with a Chinese skull of about 7 years 
of age. 

With the assistance of Dr M^'Bain, I took a number of mea- 
surements of these different skulls, from which the accompany- 
ing Tables have been drawn up. 



Greatest length 

„ breadth 

„ height 

Horizontal circumference 

Relative capacity^ 

Index of breadth 


ATno. 


Chinese. 


Br. (1). 


Br. (2). 


6-4 
5 
5-3 
18-75 
30-3 
78 
82 


5-6 

5-2 

4-4 

17-8 

28-1 

92 

78 


6-8 

5-2 

51 

19-7 

31-6 

76 

75 


7-0 

5-3 

5-1 

19-8 

321 

70 

71 


Index of height 


Zygomatic breadth 


Amo,89t.9. 


Ch., 8Bt. 7. 


Br., 8Bt. 9. 


Br., 8Bt. 9. 


4-4 


4-2 


3-75 


3-5 



It must be explained, with regard to the Chinese skull, that 
it presents a considerable degree of distortion, which materially 
influences the indices of breadth and height, and gives it such 
an extremely brachycephalic character as a breadth-index of '92 
indicates. 

Of these four skulls, the two British are dolicho-cephalic ; 
one of them, however, (No. 1) approaching very closely to the 
sub-brachycephalic form ; the Chinese skull is of an exagge- 
rated brachycephalic type, owing to the cause already men- 
tioned ; and the Aino's is distinctly sub-brachycephalic ; but 
as it has not attained its full development and has almost no 
frontal sinuses, the breadth is probably somewhat greater in 
proportion to the length than would be the case in the adult. 
Still the proportions agree very well with those of the adult 
Aino's skiUl described in Dr B. Davis's paper before mentioned ; 
in these, the breadth-index ranges from '705 to '781. 

In this point of view then, as may be seen from the table of 

1 The actual capacity of the ASno oraniom is 82 cubic inches; of the Chinese 
72 cubic inches. 

VOL. V. 23 
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measorements, the skull of the young Alno comes nearer to that 
of the young European than to that of the young Chines^. 

In the relative proportion of the three arcs forming the 
occipito-frontal arch, the Aino's skull also more nearly approxi- 
mates to the European than to the Chinese. In the proportions 
of the palate there is no material diflference between the Aino 
and the European skull; and as regards the breadth of the 
skull at its base, the proportions of the Aino are nearer those of 
the European than those of the Chinese, in which, indeed, 
though a younger skull, the breadth between the roots of the 
zygomatic processes is absolutely greater than in any of the 
other skulls, with the exception of one of the British (No. 1), 
which in this respect diflfers as much from the other British 
example as the Aino*s does. 

The regular ovoid outline of the cranium, the dome-form of 
the upper frontal and parietal regions, the vertical and well- 
developed forehead, and the smaller degree of width and flat- 
ness of the face, serve further to distinguish the Aino from the 
ordinary Mongolian form of skull ; in which the outline is more 
quadrilateral, the forehead lower, and the parietal region roof- 
shaped and rising to a crest at the sagittal suture, in the adult 
form at least \ In fact, the contrast between the Aino's skull 
and that of the adult Japanese is most striking in every respect, 
and seems to be almost enough, even making all due allowance 
for the diflference in age, to indicate a diversity of race. 

But while these differences exist between the Aino and the 
ordinary Mongolian form of cranium, the points of distinction 
between it and the European form are also well marked In 
the Aino, the facial bones are decidedly broader, and the zygo^ 
matic arches are more expanded ; the ascending processes of 
the superior maxillary bones are broader and the nasal bones 
longer and narrower ; while the short and flattened occiput and 
the great proportionate vertical diameter of the cranium, give 
it an appearaoce which is not usually met with in European 
skulls, though doubtless some may be found, as for instance the 
British skull (No, 1), which approach closely to this form. 

1 Even in the Ohinese BkaU, though certainly two years younger than the 
Aino's, the roof-shapecl form of the pari.ei#l region seems to mo to be at least 
indicated, while in the Aino's there is no trace of such a form. 
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Stilly in reviewing the general features of the Aino's skull, it 
must be considered to differ materially from the common tjrpe 
of Western Europe ; and in some respects, as the breadth of the 
face, the length and narrowness of the nasal bones and the 
flattened occiput, to be nearly allied to the Mongolian type. 

In conclusion, from all that is known, or has been written, 
in reference to the race of the Ainos, and their craniological 
characteristics, it can scarcely be doubted that the skull of the 
Amo is of a higher type than the ordinary Mongolian, and in 
some respects approaches nearer to the European form ; but 
that it is nearly allied to the Mongolian type, if this skull is 
to be taken as a fair example, appears to be equally certain. 
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ON THE SO-CALLED TWO-HEADED BIBS IN WHALES 
AND IN MAN. By Pbofessob Turner. 

Atx anatomists, who have given much attention to the oste- 
ology of the Cetacea, are aware that in several skeletons of 
these animals which have been described, more especially in 
the skeletons of some of the whalebone whales, a peculiar 
bifurcated subdivision of the vertebral end of the first rib has 
been observed. 

This anatomical peculiarity has been regarded by some 
systematic zoologists, more especially by Dr J. E. Gray of the 
British Museum, as a character of so much importance that it 
has been made a basis for classification. Dr Gray has separated 
those skeletons of the whalebone whales in which this con- 
dition of the first rib has been seen &om the species with 
which they might in other respects have been associated, and 
erected them, not merely into distinct species, but even into 
new genera. 

This position of Dr Gray's has recently been called in ques- 
tion by Prof. Van Beneden of Louvain, who argues that the 
bifidity of the first rib in a whale is, like the occasional occur- 
rence of a cervical rib in man, « not a normal arrangement but 
an accidental conformation, of which zoologists need take no 
more heed in classification than of anomalies or monstrosities V 
and that the genera Sihhaldius and Hwaterius ought to be 
suppressed. 

I propose in this communication to bring together and 
review those facts and opinions which have been collected and 
advanced by previous writers, and to record some new facts and 
observations, which may, I hope, prove of service in enabling 
naturalists to come to a satisfactory conclusion on this subject 

a. In Whales, — ^In the year 1864 Dr Gray communicated 
to ' the Zoological Society of London* an important memoir on 
the classification of the Cetacea, in which he subdivided the 
family Balsenopteridae into five genera. To one of these he 

1 BuHetins de V Academic Roy. dea Sciences de Belgique, ii. 1870, p. 820. 
« Proceedings, May 24, 1864. 
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applied the name SihhcMus or SibhaldiuSy and gave as one of 
its most diagnostic characters "the front ribs double-headed." 
In this memoir he recognised two species in that genus. To 
one, SibhaMius kUiceps, he referred the skeleton of the whale 
in the Berlin Museum described by Budolphi, and a skeleton 
at Leyden : to the other, S. borecdis, he referred the Ostend 
whale, and a female stranded in 1840 on the coast of Dorset 
and described by Mr Yarrell as Balcenoptera Boops^. He has 
since erected laticeps into a distinct genus, to which he has 
given the name RudoVphius*. 

In the same year Prof. Flower communicated to the Zoolo- 
gical Society* a description of several skeletons of the cetacea 
which he had examined in the museums in Holland and 
Belgium, and on one of these in the Leyden Museum, the 
skeleton of a whale taken ou the coast of Java, he founded 
a third species, Sibbaldiy-s schlegelii. Three other species have 
also recently been added by Mr Cope, viz. S. svlphwreas, tecti- 
rostris, and tvierosus, from whales which frequent the North 
Atlantic or North Pacific Oceans*. 

As it is of importance for our enquiry that we should pos- 
sess an exact conception of the conformation of these so-called 
two-headed ribs, I shall now state concisely the nature of this 
anatomical peculiarity ; and for fuller descriptive details refer 
the reader to the memoir by Prof. Flower already quoted, and 
to several short papers by Prof, van Beneden in recent parts of 
the Bulletins de VAcademie Royale des Sciences de Belgique. 

In the greater number of the skeletons, referred to the 
genus SibhaldiuSy in which this conformation has been observed, 
the first rib was subdivided at its vertebral end by a deep cleft 
into two distinct processes, one in front of the other, so that 
they lay in two different transverse planes. The posterior sub- 
division articulated only with the transverse process of the 
first dorsal vertebra, whilst the anterior articulated with the 
transverse process of the seventh cervical vertebra. 

An interesting and instructive variation from this arrange- 
ment has been described by both these anatomists in a skeleton 

I Ibid. Feb. 11, 1840. 

» Catalogue of Seals and Whales, p. 170, and Supplement, 1871, p. 64. 

" Proceedings, Nov. 8, 1864. 

* Proc. Nat. Hist. Soc. Philad. 1869, and Oray's SwppUment, 1871, p. 56. 
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of laticeps, obtained by Eschricht frofn the North Cape, now in 
the Museum of Natural History in Brussels^. Applied to, and 
articulating with, the anterior surface of the first right rib was 
an elongated compressed moveable bone, curved like a rib, whilst 
the corresponding bone on the left side was united to the left 
first rib by ankylosis. These bones were without doubt 
examples of supernumerary cervical ribs ; on the one side fused 
with the 1st thoracic, and on the other a distinct bone; 
although it is not stated, either by Flower or Van Beneden, that 
they articulated by the vertebral end with the transverse pro- 
cesses of the seventh cervical vertebra. 

From some of the descriptions which have been given of the 
Ostend whale, and from Rudolphi's own account of the skeleton 
of IcUiceps in the Berlin Museum, it might at first sight appear 
as if in these animals the two so-called heads of the first rib 
had not ai*ticulated with the first dorsal and last cervical verte- 
brae, but with the first and second dorsal vertebrae. Dr Gray, 
for example, in his summary* of the characters of the Ostend 
whale, founding without doubt on the following passage in 
Dubar's Ost^ographie, " mais la premifere etant biceps, elle s'ar- 
ticule aux deux premiferes dorsales,** states, "the first rib double- 
headed, articulated to the first and second dorsal vertebrae." 
But if Dubar's description be carefully perused it will be seen, 
that he says elsewhere, p. 38, that the two-headed first rib 
articulates with the transverse processes of the seventh and 
eighth vertebrae. Now as the cetacea, like the mammaha 
generally, possess seven cervical vertebrae, it follows that the 
seventh vertebra should not be regarded, as was done by 
Dubar, as the first dorsal, but as the last cervical, so that in 
this, as in the former specimens, the bicipital end of the 
rib articulated with the seventh cervical and first dorsal 
vertebrae. 

Again, in Rudolphi's'* description of the specimen of laticeps 
in the Berlin Museum, he speaks of thirteen ribs on each side, 

^ Van Beneden has figured the anterior ribs of this skeleton in the BuLle- 
tins, 1868, p. 16, Plate I. 

* CatalogiLe of Seals and Wales j p. 176. 

s Abhand. der Akad, der Wissenschaften zu Berlin^ 1822, p. 27. Bndolphi 
named this whale Balana rostrata, but J)r Gray's specific name, laMceps, is more 
generally adopted. 
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but of fourteen dorsal vertebrae, so tbat he makes the vertebra, 
to which the anterior subdivision of the bicipital first rib is 
articulated, to belong to the dorsal series. Eschricht, however, 
has shown* that the skeleton of this whale possesses only 
thirteen dorsal vertebrae ; consequently, the vertebra which 
Rudolphi considered to be the first dorsal is more correctly to 
be regarded as the last cervical. 

Reinhardt also in his essay on SteypireySr', recalls attention 
to the fact that Eschricht pointed out, more than twenty years 
ago, an indication of a bifurcation in the upper end of the 1st 
rib of a whale, which he, and more recently Prof Flower, have 
referred to the BcUcmoptera musculus; and during the past year 
Van Beneden observed' a bifid 1st rib in the skeleton of a 
JBakenoptera musculus captured in the Scheldt. 

But the Balaenopteridae are not the only whalebone whales 
in which Dr Gray has founded a genus on the double-headed 
form of the first rib. In the Museum at Leyden is the skeleton 
of a Southern Right Whale from the Cape of Good Hope, in 
which Schlegel many years ago pointed out that each first rib 
was subdivided at its vertebral end by a deep notch into two 
processes^ This skeleton has usually been referred to the genus 
Balcena, or Eubalcena, sp. australis. In a second memoir on the 
classification of the whalebone whales^ Dr Gray erects it into a 
separate genus, confers on it a new specific name, and terms it 
HwnteruSy or Hunterius, Temminckii, Since the publication of 
that memoir Prof Lilljeborg has given an account of two sub- 
fossil whales discovered in Sweden ^ One of these he refers to 
the genus Hunterius, and distinguishes it by the specific name 
Svedenborgii, but he states that both the first and second pairs 
of ribs were missing from his specimen, so that we have no 
information on the form of the first rib in this creature. The 
skeleton of a young whale from the Museum at Pampeluna, 

^ In Lilljeborg*s Essay on the Scandinavian Cetacea, translated for the Ray 
Society, p. 269. 

* Annals of Natural History ^ Vol. ii. 1868. 
8 BulUtins, 1870, p. 320. 

* In the articulated skeleton the two heads of this rib are attached to the 1st 
and 2nd dorsal vertebrae, but Prof. Flower has shown that they ought to hav^ 
been articulated with the 7th cervical and 1st dorsal. 

^ Annals of Natural History^ Nov. 1864. 

^ Nova Acta regice Societatis Upsaliensis, 1868, p. 35. 
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which Mr Flower states to possess a bifid first rib, has been 
named by Dr Gray Hunterius biscayensisK 

In the month of October 1870, the Anatomical Museum of 
the University of Edinburgh acquired, through the liberality of 
Messrs. J. and J. Cunningham of Leith, a number of cetacean 
bones, which had been imported into Leith from the Cape of 
Good Hope. On examination I found them to belong to at 
least two distinct species — the humpbacked whale of the Cape, 
Megaptera Lalandii, and the Southern Bight Whale, Balcena 
australis. One of the bones, a first rib, exhibited in a very 
characteristic manner the forked condition of the vertebral 
extremity. It may be useful for purposes of comparison to 
describe it carefully. It was subdivided at its vertebral end 
by a cleft twelve inches deep into an anterior and posterior 
limb. The anterior, curved from the body of the rib upwards 
and inwards, it was somewhat flattened on its anterior 
and posterior surfaces, and had its inner and outer borders 
rounded: the inner border formed a continuous curve with the 
inner border of the body of the rib. The posterior limb had 
unfortunately been broken away near the base. The body of 
the rib was 33 inches long from the bottom of the cleft to the 
sternal end, which latter had an irregular broken outline, and 
in all probability was not bifid, as in the rib of H. Temminchii 
figured by Dr Gray*. The breadth of the body of the rib, five 
inches from the bottom of the cleft, was nine inches, and ten 
inches from the sternal end it was fourteen inches, which was the 
broadest part of the rib. The outer surface of the rib was 
somewhat convex. The inner surface, slightly concave, pre- 
sented a broad vertical ridge which commenced at the bottom 
of the cleft and extended for |rds of the distance towards the 
sternal end : on the supposition that this bone was formed by 
the fusion of two originally distinct ribs, it is probable that this 
ridge marked their line of union. The circumference of the base 
of the anterior limb was thirteen inches, that of the posterior 
about sixteen inches. The chord of the arc from the vertebral 
to the sternal end was 41 inches. 

In the toothed whales, also, the anterior ribs have occasion- 
ally been observed to present a similar modification in form; 

* Supplement, 1871, p. 44. » Catalogue, p. 99. 
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but no naturalist has, I believe, attempted to separate these 
specimens from the species aud genera to which they are 



Pig. 1. Flenrol enrfaoe of the blended ribe in the Cetacean, from the Cape of 
Good Hope. a. The anterior limb, which in all probabiiity hod been ftrtdcu- 
latod with tbe 7th cervical vertebra, b. Ttie broken posterior limb of the Ist 
thoraoia rib. The dotted line below marks Uie piobable outline of the atemal 

usually referred, and erect them into new species. Thus 
Eschricht foimd the first left rib in the skeleton of an Orca 
from Greenland distinctly forked'. In more than one species of 
toothed whale an arrangement has been seen which will aid us 
materially in determining the true character of the bifurcation. 
Van Beneden observed in a common dolphin a rudimentary rib 
on each side connected with the 7th cervical vertebra. In a com- 
mon porpoise a right cervical rib had an independent articula- 
tion by one end with the sternum, and by the other with the 

' See Beiuhardt, in Annali o/ Natural HUtory, Vol. ii. 18G8, p. 328. 
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superior transverse process of the 7th cervical vertebra: on the 
left side the supplementary cervical rib, whilst almost meeting 
the transverse process by its upper end, did not reach the 
sternum below, but on the other hand the 1st thoracic rib 
widened out at its sternal end, and was connected to that bone 
by two distinct costal cartilages*. In these cases a supplement- 
ary cervical rib existed on each side, but it had not yet reached 
the stage effusion with the first thoracic: had it done so, then 
the bifurcated form of the first rib would have been produced. 

From these observations the following general propositions 
may be considered as fully established. 

1st. In the cetacea cervical ribs are not unfrequently de- 
veloped in connection with the 7th vertebra. 

2nd. The cervical ribs may either remain free, or may be- 
come permanently blended with the 1st thoracic rib. 

3rd. When a cervical rib is blended with the 1st thoracic 
rib, the vertebral end is subdivided into two limbs which lie 
in different transverse planes. The anterior limb either articu- 
lates with, or is in the same transverse plane as the 7th cer- 
vical, the posterior limb as the 1st dorsal vertebra. 

4th. The bifurcated form of the rib is due, not to the sub- 
division of a single bone into two parts, but to the fusion of 
two bones into one mass, the vertebral extremity of which con- 
tinues to exhibit its fundamental duplex character. 

6. In Man, — In man, as is well known, ribs are occasionally 
developed in connection with the 7th cervical vertebra. As a 
rule these ribs are free, or at least not ankylosed, at their 
anterior ends, and, except in very rare cases, are not attached 
by costal cartilage to the sternum. I need not enter here into 
the characters of these non-ankylosed cervical ribs, but may 
refer for fuller iuformation to Professor Gruber's exhaustive 
memoir*, or to my own Essay in the 4th volume of this Journal, 
p. 130. On this occasion I shall more especially refer to those 
cases in which two adjacent ribs have been blended together 
so as to assume the so-called double-headed character. 

As far back as the year 1740, M. Hunauld communicated to 

* Figured by Van Beneden in Bulletins, Vol. xxyi. p. 16, 1868. 
^ Die Halsrippen des Menschen, MSmoires de VAcad, imp. des Sciences de St, 
Petersbourg, 1869. 
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the Royal Academy of Sciences* a memoir on variations in the 
number of the ribs. He not only figured (Figs. 7 and 8) two 
specimens of non-ankylosed cervical ribs, showed their mode of 
production by excessive growth of a free, moveable, anterior 
transverse process of the 7th cervical vertebra^ and pointed out 
the development of this process from an independent centre of 
ossification, but he also figured (Fig. 2) a portion of the skeleton 
of an adult, " in which the 1st rib on each side, well formed 
posteriorly, and articulated with the 1st dorsal vertebra, became 
blended with the 2nd rib, which was by this union much larger 
than usual." The figure, though ill drawn, is yet sufficiently 
well expressed to enable one to see that in this subject, as in 
the cetacea, the rib was subdivided at its vertebral end into two 
limbs, which lay in different transverse planes. The sternal 
end of the rib was not subdivided. 

Sandifort has also figured' "costa prima dextra hominis 
adulti> quae duo plane distincta capita habet," in which a like 
arrangement was present. In an important memoir on cervical 
ribs, Dr Robert Knox not only directed attention to Hunauld's 
and Sandifort's cases, but described some specimens in his own 
collection*. He is disposed to consider the specimen repre- 
sented by Hunauld in Fig. 2, and Sandifort's specimen, as analo- 
gous to one which he figures (Figs. 2 and 3), and he believes 
each specimen to be an example of the blending of a cervical 
rib with the 1st true or thoraxsic rib; though he admits that, in 
the absence of any history of the preparation, the explanation, 
so far, therefore, is open to objections. This supposition, as re- 
gards Sandifort's case, has recently been concurred in by Hal* 
bertsma, who, from an examinationof the specimen, pronounces 
it to be a cervical blended with the 1st thoracic rib. Knox also 
represented a specimen (Fig. 5) where the shafts of two adjacent 
left ribs were intimately blended together so as to form a broad 
bone. At the vertebral end it was deeply cleft, and presented 

^ Amsterdam, 1744. 

3 Museum Anatomicumt Tab. zlix. Figs. 1 and 2. 

'^ These specimens are now in the Anatomical Museum of the University of 
Edinburgh. At the time when I published the paper on non-ankylosed supernume- 
rary cervical ribs in this Journal^ Nov. 1869, 1 described three of these specimens 
without being aware that Knox had not only described but figured them in the 
LoncUm Medical Gazette for Nov. 3 and 10, 1843, Vol. xxxiii. pp. 136, 166. I am 
indebted to my friend Dr Lonsdale for the reference to Knox's paper. See his 
Life of Knox, p. 336. 
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two heads, necks, and tubercles ; and at the sternal end it was 
also bifid, and obviously had possessed two distinct costal carti- 
lages. He believed that this also was a case of cervical rib, 
which, though blended with the 1st true rib, yet possessed a 
distinct sternal connection; but, in the absence of a knowledge 
of the requisite details respecting its sternal and vertebral con- 
nections, states that ^* it may be a partial fasion of the Ist and 
2nd thoracic ribs." 

Huntemiiller has recently described* a preparation in the 
Anatomical Museum in Gottingen, which he considers to re- 
semble Sandifort's specimen, and to be a right cervical rib, 
blended by ossific union with the shaft of the 1st thoracic rib ; 
but distinct as regards the head, neck, tubercle, and hinder part 
of the body. 

But other cases have been put on record which are un- 
doubted examples of the blending together of two or more 
adjacent thoracic ribs. Hunauld stated that he possessed the 
skeleton of a foetus about the 7th month, where the five upper 
left ribs were united posteriorly, but separated anteriorly ; the 
6th and 7th were also partially joined together. This observa- 
tion is important, as it shows that the junction had occurred 
during intra-uterine life, and in all probability the osseous had 
been preceded by a cartilaginous union. Sandifort also figured 
(Tab. XLViL XLViii. XLix) several specimens of ossific union be- 
tween adjacent ribs, either at their shafts or necks; and in the 
4th Volume of this Journal Dr Campbell figured (PL xi.) several 
ribs which were united together either by cartilaginous or osse- 
ous plates. 

In the Anatomical Museum of the University of Edinburgh 
are two, as yet undescribed specimens, which illustrate the 
blending of ribs ; and, though no history has been preserved 
in connection with them, yet a description of their anatomical 
characters may aid in our present enquiry. 

In 383 a, two left ribs were blended together. The 
heads, necks, tubercles and f ths of an inch of the adjacent 
parts of the shafts were distinct ; then the shafts blended and 
formed a bone If inch in diameter in its broadest part. Ante- 
riorly the bone bifurcated and possessed two distinct costal 

1 HefOe M. Pfeuffer'8 ZeiUchrift, 1867, p. 149, Vol. xxix. 
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Fig. 3. Speoiineii 383 a in the Anatomio&l Moseom of the University at 
Edinburgh. 

a. The neck of the npper. 

b. The neoli of tha lower of the two ribe. 

cartilages. The length of the shaft of the upper of the two 
ribs, measured along the convexity from tubercle to costal 
aHtUage, was 3| inches, that of the lower 6§ inches. The con- 
cave border and a part of the upper surface of the broad con- 
junct body was marked by a deep subclavian groove, in front of 
which was a well-marked scalene tubercle. The length of the 
upper sternal limb of bifurcation was gths inch, that of the 
lower two inches. A broad ' intercostal space' separated these 
two limbs from each other. 

Specimen 80 e consisted of two blended right ribs and the 
r^ht halves of the two vertebrje with which they articulated. 
The heads, necks, tubercles and |ths of an inch of the posterior 
parts of the shafts were distinct. Then the shafts united and 
formed a bone two inches in diameter at its broadest part. 
This bone had not so distinct a bifurcation anteriorly as the 
former specimen, for the upper limb almost immediately be- 
came continuous with its costal cartilage, whilst the lower was 
prolonged forward for two inches before it became connected 
with its cartilage. The length of the shafts of the ribs, 
measured as in 383 a, was, upper 4| inches, lower 6^ inches. 
The subclavian groove and. scalene tubercle were not so strongly 
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Fig. 3. Specimen 80 e in the Anatomical Unaennt of the Uiiivernt? of 
Edinburgh, a. The neok of the upper, b. The ueok of the lower of the t«o 
ribs. The specimen is repreaented from below, and the drawing mnch fore- 
shortened. 

marked as in the former specimen. In 80 e, 383 6, and in 
the specimens figured by Knox (Figures 2, 3, 5), the head, 
neck and tubercle of the higher of the two ribs closely re- 
sembled in form the 1st thoracic rib, whilst the corresponding 
parts in the lower more nearly approached the form of the 
2nd rib, 80 that at first sight many might be inclined to say 
that the broad bone formed by their junction was doe to 
the blending of the Ist and 2nd thoracic ribs with each other. 
Fortunately, howeyer, the preservation of the vertebrae with 
which the ribs articulated in 80 e, euables me to state that 
this is not the case, and to show that the broad bone is formed 
by the junction of a cervical with the 1st thoracic rib. The 
upper head did not, as with the normal 1st thoracic rib, ar- 
ticulate with the upper part of the side of the body of the 
corresponding vertebra, but with a slightly elevated tubercle 
at and just above the middle of the side of the body of its 
vertebra. In this respect it agreed with the arrangement seen 
in the five specimens of non-ankylcned cervical ribs contained 
in the University Anatomical Museum. The upper sur&ce of 
the body of this vertebra had the form of a cervical, the superior 
articular processes were transversely oval and directed upwards 
and backwards, and the transverse process, though simulating 
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in general form that of a dorsal vertebra, and articulating in 
front with the tubercle of the rib, was directed outwards and a 
little downwards, and not outwards backwards and upwards, as is 
the case with the transverse processes of the upper dorsal verte- 
brae. In its direction this transverse process agreed with those 
of the 7th cervical vertebra in the specimens, in the museum, 
just referred to, with which non-ankylosed cervical ribs arti- 
culated. The lower of the two heads of the double rib had 
a double articulation, one half with the lower part of the side 
of the body of the upper vertebra, the other with the upper 
part of the side of the body of the lower vertebra, an arrange- 
ment of the 1st thoracic rib not unfrequently met with when 
a cervical rib is developed immediately above it^. 

All these characters leave no doubt in my mind that the 
upper rib-element is a cervical rib, and that the broad shaft in 
this specimen, and also that in 383 a, are formed by the junc- 
tion of a largely developed cervical with the Ist thoracic rib. 
And I believe it may now be considered as proved, what had 
previously been inferred by Knox, Halbertsma and Hunte- 
muller, but which could only be a matter of inference so long 
as the vertebral attachments of the two heads were not known, 
that the specimens described by those anatomists, as well as 
the one figured by Hunauld (Fig. 2), were formed in a precisely 
similar manner. 

It may be stated therefore for man, as I have already said 
for the corresponding arrangement in the cetacea, that the bi- 
furcated form of the rib is due, not to the subdivision of a 
single bone into two parts, but to the fusion of two bones into 
one mass, the vertebral extremity of which continues to exhibit 
its fundamental duplex character. 

But whilst recognising the general morphological resem- 
blance between these ribs in man and in the cetacea, yet certain 
features of difference are exhibited, at least by the whalebone 
whales, to which it is necessary that I should refer. In the 
Balamoidea the vertebral extremities of the thoracic ribs possess 
no proper * head,' and as a rule no ' neck,' and are articulated 

^ e, g. Oases 1 and 2 in my paper on non-ankylosed cervical ribs, Vol. it. 
p. 130. Through a typographical error on p. 133, the rib attached to the left 
side of the 12th dorsal vertebra is stated to be 8 inches long and 4 wide, instead 
of 0*8 inch long and 0*4 wide. 
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to the vertebiae merely by the taberosity; their ribs, in conse- 
quence, correspond only to those parts of the human ribs which 
we call the tuberosity and the shaft. In man, when a cervical 
rib is developed, it invariably — ^whether fusion with the first 
thoracic rib does or does not take place— consists of head, neck 
and tubercle, though its shaft may vary much in length ; and 
the rib takes the place of the anterior transverse process of the 
vertebra^ In the Balamoidea the cervical rib follows the 
general plan of development of the ribs in these animals, and 
possesses neither head nor neck, nor does it take the place of the 
anterior (inferior) transverse process of the vertebra, and it is 
articulated, like the proper thoracic ribs, with the transverse 
process of its corresponding vertebra. 

When, in man, a cervical rib is blended with the first thoracic, 
the single bone formed by their junction is by no means uni- 
form in shape, in size, in the place of junction of the two ribs, 
or in the mode of connection of its sternal end. In Hunauld's 
case, in Knox's (Figs. 2 and 3), in Sandifort's, and in Hunte- 
mtlller^s the bone possessed only a single sternal articulation ; 
but in Knox's second case (Fig. 5), and in both the specimens, 
which I have described in this Essay, the bone bifurcated 
anteriorly, and each branch possessed its own costal cartilage. 

Similarly, in the cetacea, differences of a like kind have been 
seen, which have not necessarily any specific value, and, although 
the rib in the specimen from the Cape which I have figured, 
differs in form from the one figured by Dr Gray as Hunterius 
Temminckti, yet I think it very probable that they are both 
firom the Southern Bight Whale. 

The consideration of the numerous facts which I have 
cited and analysed in this paper, has led me to the foUowiug 
conclusions; 1st, that the presence of a cervical rib in man and 
in the cetacea, whether blended or not with the first thoracic 
rib, is a mere individual variation; and that just as we should 
as little think of classifying those men who possess cervical ribs 
as a genus distinct from the men who do not possess lliem, so 
should we as little think to found a genus of whales on the 
presence of these structures. 2nd. That the genera SMaidivs, 
Rvdolphius, and Htmterius^ so far at least as they are founded 
on the double-headed character of the ribs, are based on an 
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inexact conception of the nature of the anatomical peculiarity, 
and ought no longer to have a place in our systems of classi- 
fication. My observations therefore support and give strength 
to the arguments which Van Beneden has advanced in oppo- 
sition to the view entertained by Dr Gray. 



ON THE TRANSVERSE PROCESSES OF THE SEVENTH 
CERVICAL VERTEBRA IN BAL.ENOPTERA SIB- 
BALDII. By Professor Turner. 

The subject of cervical ribs is so intimately associated with 
that of the form and the development of the transverse pro- 
cesses of the seventh cervical vertebra, that a brief account of 
some observations which I have recently made on the latter 
bone, may not iuappropriately follow the preceding paper. 

In the cetacea the inferior transverse process on each side 
of the seventh cervical vertebra is wanting; whilst in B, Sib- 
baMii, as in other Fin Whales, the vertebrsB in front of the 
seventh (the atlas being excepted) possess on each side a well- 
developed superior and an inferior transverse process, which as 
a rule uniting externally, form with the side of the body the 
boundaries of a large ring. 

In the course of my dissection of the foetal Balcmoptera Sib- 
baldii, obtained from the Longniddry Whale, I had the oppor- 
tunity of examining the vertebral column in an early stage 
of its ossification, when the vertebrae were, to a large extent, 
still in the cartilaginous condition. I found that at this early 
period the seventh vertebra did not differ in the arrangement 
of its cartilaginous transverse processes from the vertebrae 
immediately in front: but that with it, as with them, two 
cartilaginous bars sprang from each side of the cartilaginous 
body, and curving outwards became continuous with each 
other at their outer ends, and formed the boundaries of a large 
ring. 

yoL. V. 24 
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Hence the diflferences found, in an adolescent, or adult, 
Balsenoptera, between the transverse processes of the seventh 
vertebra, and those immediately preceding it, are not due to 
diflferences in their original construction, but to a want of 
ossification of the inferior, transverse, cartilaginous process of 
the seventh vertebra, so that it either atrophies, or disappears 
in the process of maceration. Similarly, the absence of a com- 
plete ring, which one sometimes sees in connection with the 
arrangement of the superior and inferior transverse processes 
of the sixth or preceding cervical vertebrae in the cetacea, is 
due to an imperfect ossification of their cartilaginous matrix 
substance. The species and even genera which have been 
founded on vertebrae which exhibit imperfections in the forma- 
tion of these rings, are based therefore on specimens in which 
the process of ossification has not been completed. 

My observations on the presence of complete cartilaginous 
rings in connection with the transverse processes of the seventh 
vertebra are of especial interest also in reference to a remark 
recently made by Van Beneden,^ "that in the dolphins of the 
tertiary period an inferior transverse process is well developed." 
Hence it would appear that although the dolphins of the ter- 
tiary period diflfer, as regards the development of the inferior 
transverse process of the seventh vertebra, from adult cetacea 
of the present fauna, yet that they correspond with the foetal 
stage of some of the now-existing cetacea. 

^ BvMeiiru de VAcad, Roy. des Sciences de Belgique, 1870, No. 12, 376. 
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Macmillan and Co. 
Those who have read the philosophical work through which Mr 
Darwin is best known to the public with the care it deserves, will 
not be surprised to learn that he had during many years been collect- 
ing notes on the descent of man without any intention of publishing, 
but rather with the determination not to publish anything on the 
subject, lest what he wrote on that subject should add to the pre- 
judices against his views. A still larger number of people who talk 
of Mr Darwin's theory as though they had road the Origin of 
Species without having done so, will be surprised to find that the 
descent of man, which they have all along assumed to be the main 
feature of his previous work, was the very one which he purposely 
and studiously avoided. Very superficial as well as very profound 
minds adopt the maxim, "The proper study of mankind is man," and 
the undiscriminating public summarizes its ignorance by supposing 
that Darwin wrote a book to prove that man is descended from the 
gorilla. By this rough and ready supposition they of course shew 
that they know nothing either of the matter or manner of the theory 
of natural selection. The object of Mr Darwin's reticence, which 
was to disarm prejudice, has therefore been but very [mrtially attained. 
If he wished to escape the odium theologicum by his omission to 
reason from phenomena found in that species which is " the wonder 
and glory of the universe/' or to apply his reasoning to it, he can 
scarcely be said to have succeeded. Till the publication of this his 
latest work his attitude towards those who oppose themselves to his 
theory, from the mistaken notion that it is incompatible with other 
truths which they hold with great tenacity and with which they are 
better acquainted than with the facts and truths with which Mr 
Darwin deals, has been altogether exemplary. . With the exception 
of the large and designed omission above referred to, his attitude was 
not indeed conciliatory towards the orthodox, for truth is not con- 
ciliatory, but it was never arrogant, presumptuous, or dogmatic ; never 
failed in candour, caution, and moderation. Why both the thinking 
and unthinking should have jumped so universally to the conclusion 
that Mr Darwin held precisely the same theory with regard to the 
derivative origin of man which he enunciated concerning the origin 
of other species, when he was resolutely silent on the point, is not 
obvious. It is true that some similar facts to those on which he 
based his reasoning were to be found in man's well-studied physical 
frame; but, on the other hand, forcible arguments in favour of 
natural selection left him untouched, and difficulties which do not 

24—2 
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present themselves to the derivative origin of other animals are patent 
in his case. The very potent arguments derived from geographical 
distribution, and from the relation of recent geological fauna to the 
existing inhabitants of the areas where these ai-e found, had no appli- 
cation to man, for man has penetrated everywhere, and no ibsidl 
ape has been found which bears a nearer rei^emblance to him than 
do the extant apes with which he has been compared. Again, 
the mental and moral and even the physical constitution of man 
present some very awkward problems for solution to the advo- 
cates of his derivative origin from a lower form. Not only were 
there grounds for the acceptance of a theory of natural selection so 
far as animals were concerned while that theory was held to be 
inadequate to account for the existence of man, but such a doctrine 
has been actually enunciated by Mr Wallace, by whom the theory of 
natural selection was first foreshadowed. The public however was 
right in its assumption, and Mr Darwin has declared his conclusion that 
man is derived by lineal descent from a lower form not only as clearly 
and distinctly as we could wish, but as authoritatively and dogma- 
tically as he has propounded the other parts of his theory modestly 
and temperately. Mr Darwin writes : " The main conclusion arrived 
at in this work and now held by many naturalists who are competent 
to form a sound judgment, is that man is descended from some less 
highly organized form. The ground upon which this conclusion rests 
loUl never be shaken, ... It is incredible that all these facts should 
speak falsely. He who is not content to look, like a savage, at the 
phenomena of nature as disconnected, cannot any longer believe that 
man is the work of a separate aqt of creation." 

In his speculation as to the genealogical descent of man and the 
way in which he emerges from the ai:eestral tree of the animal 
creation, Mr Darwin is almost wholly guided by the rudimentary 
organs found in man. Mr Darwin is quite consistent in this method. 
No doubt rudimentary organs which are functionless in one species 
and have dwindled almost to nothing, but are developed and have a 
palpable use in other allied forms, present the greatest diflBlculties to 
those who do not believe in a derivative origin of species, and ^Iso 
afford the strongest support to the selection theory. After enumerat- 
ing the aborted organs, the transient and foetal structures, and the 
often recurring abnormalities found in man, the author works out his 
theory of oi-igin almost strictly in accordance with the plan of associat- 
ing the ancestors of man proximately with those species which possess 
the most of these analogous structures, and so on to those larger 
divisions in which a fewer number of them have a wider distiibution. 
This plan is, no doubt, philosophical, but it leads the author into some 
strange speculations. By similar reasoning it is demonstrable that 
our ancestors were hermaphrodite, and, that long after they had 
ceased to be so both sexes yielded milk to nourish their young, and 
perhaps carried them in marsupial sacs. Many of these structures, 
which on the Darwinian hypothesis must be considered as heirlooms 
of the species of wondrous antiquity, which man does not cherish but 
which he cannot lose, and which, like the the slave of the triumphant 
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emperor, will through long ages check his pride with the reminder, 
'^ Thoa also art a beast,** will be remembered by all. As examples 
of transient organs, the lunago or hairy covering of the foetus, 
extending all over the body except on the palms of the hands and tho 
soles of the feet ; the clefts in the neck of the embryo, with the early 
fish-like disposition of the great vessels proceeding from the heart ; the 
corpora wolffiana and chorda dorsalis may be mentioned. The rudi- 
mentary structure which will occur to every one are the caecum, 
fi'agmentary relics of the panniculus of which the plastyrma myoides 
is the most remarkable, and the nictitating membrane of the eye. 
The evidence of a tail rests on a double foundation derived from both 
classes, for the excert termination longer than the limbs in the foetus 
may be called a transient structure, while the coccygeal bones which 
support it after it is included are certainly rudiments. Mr Darwin 
cites sixteen or seventeen such structures, and there is little that is 
novel in the citation. The solitary novel feature, which is brought 
out in a peculiarly Darwinian style, is the point of the ear. This is 
the point which of all others will be marked by the public. This is 
the feature which will be seized upon by the popular instinct. It has 
already run through society like ilame among the heather. The ears 
of ladies, as they sit at the social table, have ceased to " blush at the 
praise of their own loveliness '* and learned to redden as they tell the 
tale of their own origin. It may be confidently predicted that 
Darwin's ear will become as notorious as that of Jenkins. 

By following out the suggestions which these aborted organs and 
transient structures embody in a somewhat cioide and servile man- 
ner, it is easy to see that Mr Darwin could aiTive at no other cgn- 
clusion but that man is a lineal descendant, proximately, of " a hairy 
quadruped furnished with a tail and pointed ears, probably arboreal 
in its habits and an inhabitant of the Old World," remotely, '*of 
an animal more like the larvae of existing ascidians'* (living sacs) 
'* than any other known form." 

In judging of the portion of the work in which the descent of 
man is thus traced from the phenomena of his physical frame alone, 
it must be remembered that Mr Darwin stands, and professes to 
stand, on a different platform from that which he occupied when 
discussing the origin of species generally. In his introduction he 
speaks of his theory as having been adopted by a large number of 
naturalists, and he treats this theory as though it were accepted and 
demon sti-a ted. If it were not recognised that Mr Darwin in, in the 
present work, fallowing a deductive process of which the " Origin " 
was the converse inductive one, all would certainly pronounce this 
part of the work very unsatisfactory. The physical phenomena 
which tell against the theory of man's descent are scarcely touched 
upon, or dismissed with a few remarks which shew little grasp of 
their logical bearings upon the discussion. Take as an instance of 
this the very scanty treatment of the phenomena of arrested de- 
velopment. Arrested development as distinguished from arrested 
growth might be expected, on a priori gi-ounds, to cast a flood of 
li^ht on the early condition of tho s[)ecics. In the struc.ures which 
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present aire' ted development, we have the work of the microscope 
and of the museum done for the investigator, and done in a more 
perfect way than he could possibly perform it. In these struc- 
tures we might expect to find early conditions of an organ enlarged, 
and, being still included in the living organism, offering themselves 
to direct experiment not only as to their intimate structure, but 
also as to their function. Some of these, such, for instance, as 
Hat-nose and epispadias, may corroborate the theory, but very many 
others, like cleft palate, ectopia vesicae, imperforate anus, hypospa- 
dias, spina bifida, sternal fissures, seem to give quite a contrary 
testimony. Doubtless these problems, which nature herself ])ro- 
))0unds, may admit of solutions which leave this theory of the 
descent of man unimpaired, and " pangenesis " may be such a solu- 
tion; but surely the matter not only admits of but requires dis- 
cussion. It is by no means clear why cleft palate is so often asym- 
metrical. According to Mr Darwin's theory every transient condi- 
tion of an organ is not only a means to an end, but once was an end 
in itself ; but, on the other hand, in many cases of arrest of develop- 
ment, we have the end known and the means patent, but the latter 
so presented as to shew that it never could have been anything else 
but a means to accomplish the very end of which it failed To 
dismiss the whole of this subject with the remark that microcephalous 
idiots are prognathous and fond of running on all-fours, seems 
unworthy of the author of the Origin of Species. Mr Darwin's 
defence no doubt is that his more recent works are the amplification of 
his g?and sketch — the application of a demonstration established 
elsewhere — the synthesis of his former analysis; — nevertheless, after 
all the admissions in Mr Darwin's favour with regard to the matter 
of his present treatise, there is a falling off from the superlative ex- 
cellence of his other works, as to the manner of it, in the direction 
of the faults of crudity and dogmatism, which discordant faults are 
so often combined in the productions of less careful authors. 

Mr Darwin's doctrine, of course, involves metaphysical and moral 
problems hard to solve and demonstrate, but the author seems to 
consider the difficulty arises from the solutions and demonstrations 
being hard to find, and not because the doctrine which involves them 
is, in the least degree, doubtful. Mr Darwin admits that the differ- 
ence between the highest apes and the lowest savage is immense, 
and this mental severance suggests some error in the conclusion 
to which the study of his bodily structure has led him; but, in 
shewing that memory, imagination and reason are possessed by 
brutes, Mr Darwin does not address himself with sufficient attention 
to the most difficult step in the problem of mental evolution. 

Rightly or wix)ngly the power of forming, and reasoning upon, 
abstract ideas has been thought to be a faculty differing not only in 
degree but also in kind from any exhibited by brutes ; and here is 
the gulf Mr Darwin ought to have bridged. Doubtless, much might 
be written to shew that the power of abstraction is intimately asso^ 
ciated with the use of language, and is dependent rather upon the 
rapidity and precision of ordinary processes of thought than an 
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eyidence of a different power, but Mr Darwin has contributed 
nothing, or next to nothing, to this demonstration. The matter 
which appears under the head of " abstraction,'* and which is ahnost 
exhausted by the comparison of an old hound reflecting on the 
pleasures of the chase, and the Australian wife who uses hardlj any 
abstract words, and cannot count above four, is quite inadequate, and 
rests upon a positive assumption with regard to the brute and a 
negative one with regard to the woman which are quite unproved. 

That other great problem of the evolution of the moral sense 
is treated with far greater ability, and one of the most interesting 
chapters of the work is devoted to an explanation of the production 
of the human conscience. The existence of the moral sense in man 
is traced to those social instincts which man has in common with 
all gregai-ious animals. The strengthening and growth of the memory 
and judgment would enable man to compare his past actions, and 
the more abiding satisfaction of acts prompted by some motives as 
compared with those prompted by others would create a distinction 
between the higher and the lower law, or motive, which is all that 
some modern moralists require. " Ultimately a highly complex sen- 
timent having its first origin in the social instincts, largely guided 
by the approbation of our fellow-men, ruled by reason, self-interest, 
and in the later times by deep religious feeling, confirmed by in- 
struction and habit all combined, constitute our moral sense or con- 
science." 

It is unfortunate that the subject of the fbst portion of the 
work is so very fascinating to the public that it quite overshadows 
the far more valuable portion which treats of sexual selection. In 
dealing with this subject Mr Darwin is himself again. Here caution 
again tempers his courage, and a manifest candour iu stating the whole 
case gives weight to his conclusions. Again, we have, as in the 
Domeatication of AnimcUa, a repertory of facts, carefully collected 
from the whole range of the animal kingdom. The dogmatic is once 
more exchanged for the inductive style. 

The writer endeavoured to point out the difficulties which the 
phenomena of beauty presented to the acceptance of the theory of 
natural selection even when supplemented by the theory of sexual 
selection, in a review of Mr Wallace's book which appeared in the 
last No. of this Journal, and also in some critical notices of that and 
the present work of Mr Darwin which appeared in the British Qua/r- 
terly Review, from which a few of the sentences which follow are 
transcribed. 

"Beauty as distinguished from use has always 'been a stumbling- 
block to the disciples of the natural selection school. That which, in 
any species, pleases our minds by the immediate agency of the senses, 
as distinguished from that which is of service to that species in adapt- 
ing it to external conditions, is quite unaccounted for by the survival 
of the fittest, at least so far as wild and untamed species are con- 
cerned. Some evolutionists would cut the knot by denying the evi- 
dence of beauty apart from fitness. Suitability, symmetry, conspicu- 
0usne>s, and an imposing appearance, are, no doubt, desiderata which 
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natural selectiou may seize npon and secure, and these may incident- 
ally and necessarily involve that which is beautiful in our eyes. But 
after all these have been eliminated or satisfied, there yet remains in 
a large number of species an element of beauty the contemplation of 
which brings pleasure to all human beings, whether educated or un- 
educated, refined or unrefined. This is especially the case throughout 
those large, numerously represented, and dominant classes taken from 
two separate sub-kingdoms, and called insects and birds. These two 
classes occupy a great deal of the attention of Mr Darwin. If we as- 
sume any evolutionary theory, and abjure the doctrine of final canoes, 
all the varied beauty of butterflies and humming-birds have but one 
probable explanation, namely, that of sexual selection. To make 
even this explanation possible, we must assume a keen, discriminating 
aesthetic faculty in animals which is like in quality with our own, as 
that faculty is possessed by the most refined of our species. More* 
over, this faculty must be intimately connected with the sexual appe- 
tency in each species. Such a <ionnection is, judging from analogy, 
not improbable. In forming an opinion how far these views are cor- 
rect, it is important to isolate the operation of sexual selection from 
that of natural selection. Nature has throughout almost the whole 
animal kingdom afforded to us the means of isolation. For, as a 
general rule, the sexes in species are not absolutely alike, and often 
there is great difference between them. All sexual peculiarities 
therefore which cannot be explained on the principle of division of 
labour, throw light upon the sesthetic faculty of animals as a selective, 
and therefore by the theory, of a creative agency. Mr Darwin has 
collected a vast mass of facts about sexual peculiarities, which being 
in no way connected with the sexual function, he calls secondary 
sexual characters. Of course, sexual seccmdary characters so limited 
point to a difference in the modification of the sexual desire by {es- 
thetic appetite in the two sexes. Generally speaking, the adorned 
sex is the male. Have, then, the females a greater appreciation of 
beauty than their males? Mr Darwin thinks the ardour of the male 
destroys his discrimination. Some facts produced, however, seem to 
run directly counter to this supposition. On all hands* the peacock is 
considered the most splendid of birds, and the difference between the 
sexes in this species is carried to an extreme point. Tet^ one of 
Mr Darwin's best authenticated facts is, that the pea-hen differs from 
most birds in being the ardent wooer. 

*' One of the happiest and most satisfactory episodes in the book 
is the account of the genesis of the eye-spot in the plumage of birds, 
and specially of that of the ball-and-socket ornament in the secondary 
wing-feathers of the Argus pheasant. The treatment of this subject 
reminds us, by its clearness and beauty, of the author^s treatises on 
coral islands and the fertilization of orchids. How simple a pheno- 
menon may disclose a world of interest and wonder when in the 
hands of a man of genius! It seems to us, however, that that won^ 
derfully faith^l representation of a round ball lying in a hollow 
socket, expres^d on the flat of the web of a feather, offers a striking 
example of the inadequacy of either natural or sexual selection to 
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explain sach phenomeua. * That these ornaments/ says Mr Darwin, 
* should have been formed through the selection of many successive 
generations, not one of which was originally intended to produce the 
ball-and-socket effect, seems as incredible as that one of Raphael's 
Madonnas should have been formed by the selection of chance daubs 
of paint made by a long succesftion of artists, not one of whom in- 
tended to draw the human figure.' Exactly so! We must attribute 
to the hen Argus pheasant the sesthetic powei-s of a E^phael in order 
to account for the decorations of her mate, or, more properly, we 
must assign to a succession of multitudes of generations of birds a 
correctness of appreciation of the draughtsman's art, such as is a rare 
excellence among men. This may be a fact, but if so, it opens up a 
new realm to our investigation." 

Some very novel conclusions are incidentally arrived at in the 
course of the main discussion, and yet if we do not reject the hypo- 
thesis of sexual selection altogether they appear quite legitimate. Tt 
would hardly have been supposed that the stridulating organs of the 
male cicada, whose loud ingratitude for the boon of a silent wife 
disturbs the stillness of the Italian groves, were intended not to call 
the attention but to charm his mate. Beautiful as they are in their 
sweep and contour one would yet hardly have supposed that the horns 
of deer and antelopes had an ornamental quite as much a^ a defensive 
function, or that, generally speaking, the arms of the males are 
employed so little in international and so much in civil warfare, if 
these adjectives may be used for interspecific and internecine. That 
the differences of the sexes should so little depend on what was 
complementary to the partnership and so much to the exegencies of a 
competition which is of no service to the species^ is a curious fact ; 
and that these differences should be due to some quite unexplained 
cause whose action admits of such an unlimited diversity both of 
degree and quality, is more curious still. To explain this last sentence 
it may be necessary to state that this tendency to secondary sexual 
differences, transmitted to one sex and not to the other, is, according 
to Mr Darwin, an ultimate law without which neithei natural nor 
sexual selection could consei-ve these differences, and yet a law which 
has a different action in each species, graduating from a persistent 
zero to cases in which it is enormous. This enormous sexual difference 
isy further, not a like enormity. It may be in size, as in the case of 
some seals, or in colours, as in some butterflies, or in vocal power, as in 
birds, or in a thousand other ways. This view of the question gives 
rise to a curious and somewhat subtle difference of opinion between 
the two great advocates of natural and sexual selection. Mr Wallace 
thinks that in the case of splendid cock-birds who have plain hens, 
who sit on open nests, the tendency for both sexes to beoome brilliant 
has been checked by natural selection. On the other hand, Mr Darwin 
thinks that secondary sexual splendour was from the first developed 
only in the male and transmitted by him to his male offspring alone ; 
and in the converse case, where the female is also gay, natural selec- 
tion causes her to build a covered nest for protection. Mr Darwin 
grounds his views on -the difficulty, if not the impossibility, of any kind 
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of selection establishing and developing a pecnliarify and retaining it 
in one sex only, if this peculiarity persistently reappeared in the 
offspring of both sexes, as it most certainly would do if there were no 
other law to modify the law that like begets like with only' minute 
and fortuitous differences. His view also derives support from the 
greater likeness of the females to the young in the same species, and 
their greater likeness to one another throughout many allied species, 
and in the case of birds with a double moult, the retention of the 
character of their plumage by the females and not by the males. These 
considerations seem logically conclusive from the premises, and it is a 
matter of disappointment that Mr Wallace in the recent Edition of 
his work has not noticed them. Mr Wallace has, however, introduced 
into the new Edition of his work a singular speculation with r^jard 
to birds, which gives some support to the idea of sexual division of 
labour, which is the rival of sexual selection in the explanation of 
secondary sexual differences. This speculation is taken from Mr 
Eichard Spruce, who thinks old birds pair with young ones just as 
some Indians do, in order that there may be some experience in the 
family. 

It is somewhat unfortunate that the elaborate criticism of Mr 
Darwin's hypothesis by Mr St George Mivart was published before 
these last volumes on man's descent. Not that Mr Mivart would 
find much to retract after the perusal of them, but he would probably 
find much more to insert. His volume is certainly as good a oom- 
]>endium of the difficulties of the Darwinian theory as has yet 
appeared, unless we except the article in the North British Review 
for June 1867 and Mr Darwin's works themselves. Mr Mivart seems 
to have had three objects in view in writing the book : 1. To criticise 
the Darwinian hypothesis. 2. To establish an evolutionary hypo- 
thesis of his own. 3. To reconcile this hypothesis with strictly 
orthodox views of religion. The first object, however, is that which 
he has best succeeded in attaining. In the second he appears to have 
failed, and the third is not much advanced by his method of treat- 
ment. The endeavour to show that evolutionism was a cherished 
idea of the early Christian Fathers, and the cutting of the knot by the 
dogma that whether the bodily form of man were deiived from a 
lower one by any special Providence or not, "the soul of every 
individual man is absolutely created in the strict and primary sense 
of the word," without defining what the soul is and what its powers 
are, will liardly satisfy either scientific men or theologians. Mr 
Mivart's special theory of evolution may be thus summarized. Evolu- 
tion proceeds from some intei'nal force directed towards definite ends, 
and its pi*ocess is by sudden and distinct and not gradual changes. 
He adopts for his theory Mr Galton's simile of a spheroid whose 
spheroidity is d\ie to the multitude of planes which buuud it, which 
resting on a plane is in stable equilibrium and remains so till some 
force causes it to revolve on to an adjacent plane to that on which it 
previously stood ; while Mr Darwin's theory must be represented by 
a perfect sphere in neutral equilibrium. Prof. Humphry in his 
address on Physiology at Nottingham (Vol. I. of this JourTial^ p. 12) 
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had already suggested this staircase progression of the transmutation 
of species by an analogy taken from the inorganic world, wherein the 
successive augmentation of the negative element in the various oxides 
of nitrogen is made to apply to the succei«Bion of species. Mr Mivart 
however has produced scarcely any facts to support this theory, and 
has dealt very feebly with the facts adduced. The instance of the 
sudden appearance of the black-shouldered peacock (Pavo nigri 
pennis) is the almost solitary instance quoted of an order of phe- 
nomena which would attract general attention. Inasmuch too, as 
the fixity of species as defined by the sterility of hybrids, is one of 
the objections advanced by Mr Mivart against the Darwinian hypo- 
thesis, he was bound to show that the black-mouldered peacock was 
infertile with the ordinary kind, yet he has not done this. When we 
compare the few and scattered evidences in &,vour of abrnpt transmu- 
tation, which have been far more ably summarized by Mr Darwin 
himsell* than the present author, with the almost unlimited evidence 
of the accumulation of minute and fortuitous variations to an almost 
unlimited extent, Mr Mivart's theory sinks into insignificance beside 
the rival theory he criticises. It is not meant that the Darwinian 
theory is necessarily the correct one in contradistinction to what may 
be called evolution by cascade, but the labours of Mr Darwin in 
collecting facts in support of his theory have been enormous, and 
those of Mr Mivart in support of his theory almost nil. 

The specialty of the work then is its criticism of Darwinianism. 
This ciiticism can however scarcely be called an assault either in 
manner or forca It is rather a siege in which the whole enceinte is 
invested, but no practical breach has been made, or at least none 
which has been followed by an overwhelming onslaught. like the 
Kobiu Hood of Iva/nhoe he has tried with his shafts every joint in 
the Norman armour of his Front de Bceuf, and with nearly a like 
result. His objections, though separately well put, have for the 
most part been urged before, and some of them seem to be ill-con- 
sidered and self-conflicting. Thus the hood of the cobra and the 
rattle of the rattlesnake are given as structures which natural selec- 
tion would not only not evolve but would suppress as injurious to 
their possessors. These very objections have been stated by Mr 
Darwin himself and many after him, and a little thought mi«;ht 
furnish a solution. When we consider the habit of reptiles in general, 
and of snakes in particular, and remember that they are capable of 
rapid motion for a short time and within a short compass only, and 
are slow and inert in the intermediate time, we think it by no means 
certain that the sound produced, which is more like a hiss than a 
rattle, may not be a valuable aid to a predacious serpent. Creeping 
along in search of small animals which are hidden while at rest by 
similative colouring but visible at once when any motion is made, 
it every now and then emits a sound which at a distance is not very 
noticeable, but when near is very startling, and so attains its object; 
for the start of the quaiTy when within range of the rapid darting 
motion of its neck would reveal it without enabling it to escape. 
The hood of the cobra again, dilated at the moment of its striking, is 
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probably not only a means of appalling its foe, but also of abso- 
lutely preventing that foe from seizing the neck, which is just the 
seizure which would paralyze all the actions of the serpent. 

Mr Mivart inquires why the camelopaixl is the only ungulate 
animal in South Africa which has an elongated neck. The same 
conditions ought to have produced the same result in other species. 
On the other hand he points out very well and truthfully the simi- 
larity of structure of the production of the larynx across the pbarynx 
in the young kangaroo and the dolphin. Now these objections seem 
to neutralize one another, and both of them rather strengthen the 
hypothesis of natural selection ; for adaptive characters are likely to 
appear in every species, but when they bring their owners into com- 
petition they will be likely to be suppressed in all save in that 
Bpecies where the most perfect adaptation is pi'esent, while when 
they do not do so they will all be retained. Long-necked ruminants 
would be forestalled by the gii'affe in South Africa, but the dolphin 
and kangaroo are not competitors at all, and if they were they would 
not compete in this particular. 

Mr Mivart has also produced some numerical calculations to show 
the improbability of concurrent variations and the probability of 
numbers overbearing slightly useful variations. In the first calculation 
we meet with the following equation, which will astound our mathe- 
maticians : — , B iTuvvo *" T?^* ^^ "^ Bennett, in his controversy 

with Mr Wallace, anticipates Mr Mivait ; but in such calculations the 
statement of the case is everything, and in these instances the state- 
ments can be shewn to be inexact. 

Notwithstanding these and similar shortcomings, The Genesis of 
Species is a very interesting book, and will be a standard contribu- 
tion to this alluring study. Fui'ther inquiry into the origin of species 
is pressing the scientific world towards the conclusions that while the 
facts of nature give evidence of evolution, and natural selection is a 
vera causa in that evolution, it is but one cause among many others^ 
-which causes for convenience sake may be called laws, but which are 
but the indications of the orderly procedure of a divine agent. All 
the facts are not only consistent with, but what might have been 
expected of the theory, otherwise suggested, of a Creator who sees 
the end while w^e only see the process ; who knows the means where 
we only see the end to be desirable ; and who has left on that nature 
which is at once means and end the indelible mark of His own 
operation. 

Neville Goodman, M.A., St Peter's College, Cambridge. 



Dis LwrnhaX-gegend in AnatomischrChirurgischer Hinsicht. Yon 

Prof. Lesshaft. Berlin, 1870. 

In this memoir, reprinted from Reichert u, du Bois Rei/moncPs Archiv, 
Professor Lesshaft gives an excellent anatomical description of the 
connections of the muscles and fasciae in the lumbar region. He 
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relates a number of observations made to ascertain the position of 
the colon, in connection with the performance of the operation of 
colotomy, and he appends a table of 92 cases in which that operation 
had been performed. 



HaTidbuch der Lehre von den Geweben des Mensclien und der Thtere. 
Herausgegeben von S. Stbigker. IY. Lieferung. Leipzig, 
1870. 

The fourth part of this excellent manual of Microscopic Anatomy 
contains the following articles: The Mammae, by C. Langer. The 
external male and female Organs of Generation, by E. Klein. The 
Spinal Marrow, by J. Gerlach. The Brain of Mammals, by Th. Mey- 
nert. The Sympathetic Nervous System, by S. Meyer. The Organ 
of Taste, by T. W. Engelmann. The conclusion of an article on the 
Serous Membranes, by £. Klein, and the commencement of one on 
the Organ of Hearing, by J. Kessel. Meynert's account of the 
minute Anatomy of the Brain is of especial interest, and we hope 
soon to have to welcome a translation of this important monograph, 
from the pen of Mr Power, in the volume about to be published by 
the Sydenham Society. 



JOordre des Primates ^ paraUele cmaiomique de l^ Homme et des Singes. 
Par M. Paul Broca, Paris, 1870. — Beitrdge zwr AncUomie des 
Hyhbates leudscus, und zu einer vergleichenden ancUomie der 
Muskelm. der AJfen und des Menschen. Von Th. L. W. Bischoff. 
Munich, 1870. 

In these two memoirs the relations of Man to the Anthropoid 
Apes, and the position which ought to be assigned to him in the 
classification of the Mammalia, have been discussed by two eminent 
anatomists, but with very different results, as regards the conclusions 
to which they have arrived. M. Broca agrees with those zoologists 
who regard man as a member of the order of primates, in which he 
forms a distinct family. Like Prof. Huxley, he considers that man 
differs less from the so-called quadrumana in general, and the anthro- 
poids in particular, than the apes do, one from the other. He com- 
pares man anatomically with the apes, and examines the osseous, 
muscular, vascular, visceral and nervous systems. In his chapter on 
the nervous system, he figures the brain of a male chimpanzee, in 
which in the left hemisphere the superior bridging convolution was 
very distinct, whilst in the right the second bridging convolution 
was also superficial. In these points this brain closely corresponded 
with one, figured some years ago by the writer (Proc, Boy. Soc. Edin, 
19 Feb. 1866). Though he believes that but slight structural differ- 
ences exist between the corresponding organs of man and the anthro- 
poids, yet he admits that, in the functions which they perform, man is 
raised to a height far beyond that of the family of anthropoids which 
most closely approaches him. 
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Professor Bischoif, though mainly devotiDg his memoir to the 
consideration of HylohcUes leuciseusy more especially its muscular and 
cerebral anatomy, yet discusses also the general question of the com- 
parison between man and apes. He repeats here, what he belieires 
he has proved in a previous memoir on the convolutions of the brain 
{Anatomical Report, iv. 157), that an uninterrupted series may be 
traced from the lemur to the orang in the improvement of the convo- 
lutions, but that between the brain of man and the orang there is a 
chasm, which cannot be filled up. His study of the muscular system 
has now led him to the conclusion that, in the arrangement of the 
muscles of man and of the anthropoids, there are greater differences than 
are found in the muscles of the different families of the apes, and, as 
the anatomical structure of a muscle ought not to be considered apai-t 
from its physiological action, the apes stand much nearer to each 
other than the highest ape does to man. He follows out therefore, to 
some extent, the line of argument which was pursued by the late 
Professor Goodsir in his Lectures "on the Dignity of the Human 
Body*," who whilst fully recognizing the importance of the study of 
morphology, yet vigorously contends that in all questions of general 
zoology and anthropology the teleological aspects of the question 
ought not to be overlooked. 

' Anatomical Memoirs, Vol. i. p. 207, Edinburgh, 1868. 



REPORT ON THE PROGRESS OF ANATOMY. 

By Professor Turner ^ 

Osteology. — ^Wenzel Gruber makes in Bulletin de VAcad, trap, 
des Sc, de St Petershourg, Oct., Nov., Dec. 1870, several contributious 
to the Osteology of the Hand and Foot. In the right baud of a 
man 1 1 carpal bones were found ; the bones of the first row, the 
trapezium, the first and fifth metacarpalii and all the phalanges, were 
normal: the trapezoid somewhat deformed; the os magnum sub- 
divided into three secondary bones, a superior, a radial and an 
ulnar: the unciform possessed a radial surface somewhat different 
from normal : a small bone was situated on the dorsum of the ulnar 
border of the second metacarpal : a minute nodule of bone was situ- 
ated in the interosseous ligament which connected the ulnar second- 
ary part of the os magnum with the superior secondary bone and the 
uncinate : the brachial surface was abnormal in the third and fourth 
metacarpals. The carpal bones lay in three rows : the first normal : 
the second formed of trapezium, trapezoid, superior part of os mag- 
num, unciform: the third of epiphysis of second metacarpal, and 
radial and ulnar subdivisions of os magnum. He describes also a 
second case of os intermedium, or centiule, analogous to a bone seen 
in many quadrupeds, in the hand of a man. Also cases in which 
a persistent styloid epiphysis of the third metacarpal formed a ninth 
carpal bone, and a case in which this process was partially anchylosed 
with the third metacarpal. Also a case in which the carpal scaphoid, 
at one time subdivided into two secondaiy bones had become, by their 
union, a single bone. A similar case in which two secondary semi- 
lunar bones had united into a single bone. A case in which a per- 
sistent styloid epiphysis of the third metacarpal had become anchy- 
losed with the OS magnum. A case in which the right tarsal 
scaphoid from a boy, aet. 13, had its tuberosity in the form of an 
epiphysis, connected with it by cartilage. Other cases of secondary 
scaphoid and semilunar bones are described by W. Gruber in Eeichert 
u. Dv, Boia Reymond^s Archiv, 1870, p. 490 : on p. 494 a cuneiform, 
on the inferior surface of which a furrow seemed to indicate its 
original subdivision into two secondary portions : and on p. 499, a 
case in which a sesamoid bone was developed between the dorsal 
sur&ce of the ulnar angle of the unciform and the fifth metacarpal, 
adjoining the insertion of the tendon of the extensor carpi ulnaris. 
—Messrs. Pye-Smith, Howse and Davies-CoUey (Guj/s Hospital 
jRepartSy 1870) record a case where an extra sesamoid bone was deve- 
loped in the glenoid ligament of the index at the junction of the first 
phalanx with the metacarpal bone : a case of bifurcation of the third 
lefi costal cartilage: a case of eoetensive ossification qf the stylohyoid 

^ To assist in making this Beport more complete, Professor Turner will be 
glad to receive separate copies of original memoirs and other oontiibationB to 
Anatomy. 
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ligament: a case where the vertebral groove on the posterior arch of 
the atl(A8 was converted into s, foramen: and, what is most important, 
a case of additional dorsi-luhbab vertebra. This bone had the 
characters of a lumbar- vertebra, with a bone attached to its left side 
by a synovial joint three-fourths as long as the last rib, flat from 
before backwards and tapering^ but not curved : no superior trans- 
veise pix)ce8S, but a pair of inferior, in a line with those of the suc- 
ceeding five normal lumbar vertebrsd. Then came four anchylosed and 
one separate sacral vertebra and, lastly, the coccyx. An additional 
pair of small nerves which joined the sacral plexus was placed 

between the last moveable vertebra and the sacrum. In a paper 

on artificial deformity of the Feet of Chinese Women {Archiv. 
fur AnUiropologie, 1870,) H. Welcker describes and figures the changes 

which occur in their osteological structure. In P, R, S,\ London, 

March 16, 1871, G. W. Callender gives in abstract his observations 
on the formation of some of the sub-axial arches in Man. He 
describes those which grow into the cervical region in that period 
of their growth which lies between the fifth and twelfth weeks of 
foetal life ; he terms these the fourth or lingual, the fifth or hyoid, 
the sixth or laryngeal, and the seveuth or exoccipital. The last he 
states grows from the basi and exoccipital cartilage regions and ends 
in two processes, the clavicle and scapula. 

Connective Substances — ^W. Flemming describes in Schvltzes 
Archiv, vii. 32, the development of the fat- cells in the connective 
tissue, and their mode of degeneration. Observatious on the struc- 
ture of the connective tissue itself are also given. 

Myology. — Messrs. Pye-Smith, Howse and Davies CoUey record 
{Gwifs Hospital Re2:>orts, 1876) the following muscular variations. 
A subdivision of the trachelo-niastoid into a parb superficial to and a 
part deeper than the occipital arteiy : a subdivision of the levator 
scapulcBy which blended with the serratus magnus: a flat muscle 
between the external and internal oblique, extending from the cartilage 
of 12th rib to iliac crest: an additional stylo-hyoid nvusde: a petro- 
pharyngeaJrmuscle from petrous bone to wall ot pharynx, where it 
blended with middle constrictor : an additumcU posterior belly to the 
atemo-thyroid. A case in which the thyro-hyoid was absent and stemo* 
thyroid was prolonged to hyoid bone : a muscular slip from the pecto- 
ralis major to the capsule of the shoulder-joint, the tensor articuli 
humeri of Giniber : three cases of a stem^is muscle, all unsymme- 
trical : two of a supra-costalis anterior (rectus-thora^) : a fasciculus 
from third rib to scalenus medius : a cora>co-clavicula/ris from tho apex 
of the coracoid process to the under surface of the clavicle, it stood 
in the place of tlie subclavius : and a number of variations in the 
muscles of the upper and lower limbs. ^Wenzel Gi-uber communi- 
cates {Mhn. de VAcad, Imp, des Sc. de St Petersb., 1870) an account 
of the MUSCULUS ANCONEUS QUiNTUS in man. He employs, as is 
sometimes done by the German anatomists, the terms anconeus 
primVfSj secundus, and tertius, to express the three well-known head^ 
of the triceps extensor cubiti ; he speaks of the accessory .portiouj. 
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which arises from the epi-oondyle and above that from the huinerus 
as anconeus quartus; he then describes a very unusual fasciculus, 
which he has only seen in two cases, as an anconeus quintus. This 
fasciculus arose in both instances from the anterior surface of 
the tendon of the latissimus dorsi, and in one, in addition, from the 
infra-glenoid tubercle of the scapula: it passed down the arm to end, 
in one case, in the muscular part of the long head, in the other, 
at the inner border of the long head at its junction with the inner 
head of the triceps. He considers the quintus to correspond with a 
subdivision of the extensor cubiti found in many quadrupeds. He 
gives the name anconevs sextua to the muscle formerly described by 
him as epUrochlea-anconeus {Report, ii. p. 166). 

Blood-vabcular System. — ^A memoir on the development of the 
SEPTUM . AURICULARUM CORDIS, by Julius Arnold, is in Virchow's 
Archiv, li. 220. This septum is composed of a pars carnosa and a 
pa/rs fii&mbromacea. The former arises at the beginning of the third 
month as a muscular crescentic fold from the anterior wall of the 
auricle; the upper, shorter horn, cfua camoaum sup., extends back- 
wards along the upper wall of the auricle ; the lower longer horn, 
eras carnosum inf., along the base of the fully developed ventricular 
septum. These structures increase in size so that at the end of the 
sixth month the anterior halves of the two ventricles are completely 
separated from each other, whilst posteriorly they freely communi- 
cate. The pars membranacea arises in the form of a crescentic fold 
in the left wall of the inferior cava. It lies originally to the left of 
the pars carnosa and lies obliquely in the left auricle. It is at first 
very shallow, but grows deeper and sends a superior cms along the 
upper wall, an inferior within the area of the left auricle. The pai*s 
membranacea grows forwards towards the pars carnosa, and their 
respective cruiu cross each other above and below ; then the free 
borders of the central portions of each part approach and more or 
less cross, so that the free edge of the pars membranacea lies forward 
in the left auricle, that of the pars carnosa backwards in the right. 
A lateral approximation of the membranous to the fleshy part then 
occurs, and at the same time the former becomes more perpendicular. 
Along with this change in the position of the pars membranacea septi 
the place of opening of the inferior cava changes, for whilst originally 
it opens into the left auricle, later on it ends entirely in the right. 
The paper concludes with an elaborate analysis of the various modifi- 
cations in the form and arrangement of thj auricular septum which 

have been seen in man.: Messrs. Pye-Smith, Howse and Davies- 

Colley record in Gwk/s Hospital Reports, 1870, the following varia- 
tions IN the Arteries: two cases, where the four great arteries 
arose directly from the transverse part of the arch, the rigid subcla- 
vian being the last branch, proceeding from the descendiug part of 
the arch and passing between the oesophagus and spine to reach its 
usual position: a case where the absence of a facial artery was 
replaced by a large anterior branch of internal maxillary, which 
passed forward from under the maSseter, and by the infra-orbital 

VOL. V. 25 
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artery: various modifications in tbe arrangement* of tke arteries of 
the upper and lower limbs^ in one of which a large obturator supplied 
the place of the left internal circumflex artery.— ^Wenzel Gruber 
describes (Reichert u. du Bois Reymond^a Archiv, 1870, 484) a case 
m which the dorsal part of the left radial artsrt extended as 
a subcutaneous vessel from the lower end of>the forearm to the space 
between the first and second metacarpal bones.> 

If ERVOUS SvsTEit. — G. H. Meyer records two ferm» of variatioks 
iir THE ARRANGEMENT OF Nerves (Reichert u, du Baia Beymdnd^a 
Archiv, 1870, 395). In one the long saphenous nerve ended imme- 
diately below the knee in branches to the skin, whilst a branch from 
the tibial nerve supplied the skin lower down the inner side of the 

limb. In tbe other the obtiQ'ator nerve had two itoots'.^ In the 

same Archiv, p. 501, W. Gruber relates his enquiries iato t^ branch 
or branches of CoMitfuNiGATiGN between the Median and Ulnar 
Kerves in the fore-armof man> and mammals. The oonneotion was 
found at the upper part situated between the superficial and deep 

flexors of the fingers. Messrs' Pye-Smith, Howse and Davies-Golley 

report on Nerve variations seen in the Guy's Hospital dissecting 
room {Reports, 1870). The most important are the following-: The 
lachrymal instead of the nasal supplied the long root to the ophthalmic 
ganglion ; a branch from descendens noni to sternal head of stemo- 
mastoid; nerve toserratus magnus formed by branches from fifth, 
sixth, and seventh cervical nerves ; a branch between the ulnar nerve 
and anterior interosseous of>> median. 

P. Kudanowski contributes to Vi/rchow^ 8 Archiv, lii. 19 3y a paper 
on the Structure of the AxiMi Cylinder in the Spinal Nervesl 
He considers that he has proved the presence of special tubes in 
the form of the axial cylinder in the interior of the primitive nerve- 
tubes. Beldjrew of Kasan relates (SehuUze^s Archiv, vii. 166) 

some observations on the mode of termination of the Nerves in 
THE LaryngeaItMucous Membrane, also on 'the distribution' of the 
blood and lymph-vessels. 

Eye-£^all. — Fr. Merkel communicates to Reichert tii du Baia 
Reymand^a Archiv^lSlO, 642, a paper on the bacillary layeb-of 
THE retina. He considers* it> to he proved by the observations of 
various obseivers that, in the diflerent- classes of vertebra ta, the rods 
and cones are subdivided into an outer and an inner s^gment^that 
the outer segments have transverse markings which indieatea> sub- 
division into small round discs, which form a reflecting apparatus 
serving for< the concentration of the light. In the substance of the 
inner segments, in> many animals, lens-like bodies also occui*,.and in 
the elements of the outer granular layer is to be found a reflecting 
apparatus in the form of biconcave and biconvexJenses. His own 
observations are especiaUy directed to the determination of the pre- 
sence or absence of an investing membrane for the outer segments of 
the large rods of the amphibia, and the nature of the delicate threads 
in the- retina considered by Schultze to be nerve fibrill». He had no 
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difficulty in seeing the longitudinal markings on the rods, also their 
subdiviaion into ^bin discs, but was unable to demonstrate with cer* 
tainty the presence of a membrane on the outer segments, though 
the inner segments were undoubtedly invested by a membrane. He 
agrees with Schultsse's description of the cones in the frog and triton 
(Reports^ ii. 168); bat he does not coincide with him in regardmg the 
delicate threads, either as the endings of nerves, or as continuous 
with the outer segments of the rods, but that they pass up between 
the adjacent segments, and through their presence occasion the 
longitudinal markings or Cannelirung, as he terms it, which those 

rods exhibit. E. Landolt records {Schvltze^s Archiv, vii. 81) 

his observations on the Retina of t.ie Frog, Salamander, and 
Triton. He agrees with those observers who have recognised the 
presence of an investing envelope for the rods and cones. In the 
outer segments of the rods he has seen a longitudinal striping similar 
to that described by Max Schultze, and even more frequently the 
transverse markings in these segments. The lens-like bodies he has 
also found in all the rods and cones of these animals. Like Merkel 
he considers the supporting tissue (atiitzgewehe) to be of the nature of 
connective tissue, and not nerve iibrillsB. 

Glands. — W. Ebstein records observations on the structure and 
function of the so-named Mucous Glands of the Stomach (Schvltze^a 
Archiv, vi. 515). He describes their different conditions in the active 
and inactive state, from which it would appear that during digestion 
the gland-cells are much richer in albumen, and that at this time the 
material collected in the lumen of the gland is characterized by a 

peculiar richness in albuminous substances. In a paper on the 

Graafian Follicles of the Human Ovary, K. R Slavjansky de- 
scribes ( Virchow^s Archiv, Li. 470) the primordial follicles of the ovary, 
the ripe graafian follicles and the transitional forms between the two, 
the degeneration of the graafian vesicles without rupture and dis- 
charge of the ovum, the formation of the corpus luteum, and fatty, 
colloid and sclerotic changes in the parenchyma and wall of the 

follicle. In his Archiv. fur Phya. rv. 50, E. Pfliiger energetically 

defends his observations on the Termination of the Nerves in the 
acinous glands and in the Liver, from the attacks to which they 
have been subjected. He gives many good reasons for considering 
the objects which he has described to be nerve-fibres, and not, as his 
opponents have insinuated, capillaries, mucous threads, or liquefied 
fat. 

Spleen. — H. R. Silvester, from an investigation of the lateral 
homologies of the liver, stomach, and intestinal canal^ considers that 
he has discovered the Nature of the Spleen, {Pamphlet, London, 
1870.) The absence of bilateral symmetry in the liver, and also in 
the spleen; their symmetrical situation with respect to each other; 
their being supplied by a corresponding trunk from the aorta, to- 
gether with the want of symmetry in that portion of the abdominal 
viscera with which the liver is connected, all confirm, he says, the 
opinion that the spleen is symmetrical with the liver, and not a mesial 

25—2 
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organ. He regards the liver as an organ similar to the spleen, com- 
bined with a biliary apparatus; when the spleen is experimentally 
removed, the liver can perform its function. He supposes that the 
absence of a biliary apparatus on the left side in connection with the 
spleen is due to the non-development of the small intestine on the 
left side; the small intestine which is developed he regards as a right 
intestine, the appendix vermiformis being the only representative of 
the left small intestina He concludes that the spleen is a sangui- 
ferous gland; the left lateral homologue of a portion of the liver; 
the liver being a combination of a sanguiferous gland, and a biliary 

apparatus. E. Kyber, in a paper in Schnitzels Archivj vi. 540, On 

the Structure of the Spleen states that the capillary terminations 
of the arteries open directly at either right or acute angles into the 
commencement of the veins. Sometimes it is possible to fill the ter- 
minal twigs of the arteries by injecting from the veios, without 
having caused extravasation. In injecting from the arteries the ma- 
terial passes easily from arteries to veins, without occasioning rup- 
ture of their walls, but the larger portion of the veins has never 
been injected in this manner. The blood moves through the spleen 
only in passages with walls; the exit of corpuscles from them into 
the tissue is to be regarded as a pathological appearance. 

Malformations. — In the Pathological Transactions, xxi. 78, are 
recorded cases of Malformation of Heart; T. B. Peacock records 
two : in one the pulmonary orifice was contracted, and the aorta arose 
equally from both ventricles; in the other, with contraction of the pul- 
monary orifice, the aorta arose from the right, but communicated with 
the left ventricle by an aperture in the septum. In a case by H. 
Semple, with a patent foramen ovale and imperfect ventricular sep- 
tum, the trunk of the pulmonary artery was shrivelled, and its ventn- 
oular oidfice occluded; the aorta was given oflf from the right ventricle, 
and the blood found its way into the right and left pulmonary arte- 
ries through a patent ductus arteriosus. T. B. Peacock also relates 
the case of a girl set. 15, where the aorta arose from both ventricles^ 
but where the infundibular part of the right ventricle, which gives 
origin to the pulmouary artery, was almost entirely separated from 
the general sinus of the ventricle. Here also a reference may be 
made to two well marked cases of deficiency in the auricular septum 

recorded by W. W. Wagstaffe in Path. Trans, xix. In Virehow^s 

Archiv, li. 313, W. Manz describes the condition of the Eye in the 
ANENGEPHALOUS FcETUS; and in the same volume, A. Heller relates a 
case of Stricture of the Pulmonary Artery, and one of imperfect 

Development of the Eight Lobe of the Liver. P. H. Pye- 

Smith discusses (Guj/s Hospital Jieports, 1870) the connection of left- 
HANDEDNESS with transposition of the viscera and other supposed 
anatomical causes. He concludes that it is not to be attributed to 
a transposition of the viscei'a, or even to the transposition of the 
origin of the right subclavian artery to the left side of the aortio 
aitsh, but that it may be regarded as a more or less complete rever- 
sion of a condition which has now died out; and that the equal use 
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of both h&nda ia a aimilar reversion to the primitive ambidextral 
condition, of wbioh right- and left-handednesB were both modifioa- 
tious.— — John Chiene (Pamphlet, Edinburgh, 1870) describes a caao 
of iin&aTiNAi. HAi^poaiTiON, seen in ths Dissecting Booms of the XTni- 
versity of Edinburgh, in vhich the tabe of the small intestine passed 
in front of the superior mesenteric artery, so that its coils lay to the 
left. The great intestine lay entirely to the right of Uie mesial 
plane. From the cecum in the right iliac region the colon ran up- 
vardB to the under surface of the liver (I); it then suddenly turned 
downwards and forwards to reach the sacral promontory (2), when it 
again shsfply turned upwards to the right hypochondrium ^3), and 
then, bending downwards, paased in front of the right kidney (4), and 
crossed from right to left in front of the upper part of the sacrum 



colica dextra. i. m. inieiioi mesentedo artery. A. aorta. 

to form the sigmoid fleznre and reottun. The parts of the colon 
mariced 1, 2, 3 were firmly connected together, and to the right side 
of the bodies of the lumbar vertebra, by a meeo-colon 6 inches wide 
inferiorly, but which narrowed considerably as it ascended. The 
colon marked 4 was situated behind the peritoneum lining the right 
lumbar region. The omentum had no connection with the great in- 
testine. The ileo-colic, right colic and middle colic arteries were 
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rudimentary; the left colic crossed from left to right. The anther 
thinks that at one time the portions of the colon marked 1, 2, and 3 
had each been invested by its own meso-colon, the six layers of which 
had ultimately become adherent to each other, and he regards the 
case as one in which there was a near approach to the primaiy con- 
dition in which the intestinal tube is joined to the spine by a conti- 
nuous double fold of peritoneum ; the development of a meso-colon to 
those parts of the gut, which usually form the ascending and trans- 
verse divisions of the colon, is in favour of the view that the omentum 

and transverse meso-colon are originally distinct structures. P. H. 

Pye-Smith records and figures a case of Hetro-peritoneal Hernca 
(Guj/s Hospital Reports^ 1870), where 3 feet of the jejunum were con- 
tained in a large sac, which communicated by an opening to the left 
of the spine, between it and the descending colon, and bounded by 
the inferior mesenteric artery and its left colic branch. The sac was 
not outside the peritoneum, but was lined continuously by seroua 
membrane. This case resembles one described by John Chiene in 
this Journal, May 1868, and rather deserves to be called irdrorperito- 

neal hernia (as was done by that observer), than retro-peritoneal. 

Wenzel Gruber relates in Bulletins de VAcad, Imp, de St Petersb., Sept. 
and Oct. 1870, cases of Poltdacttlism and Syndactylism. His papers 

contain an analysis of the literature of this branch of teratology. 

C. L. Heppner contributes (Beichert und du Bois Beyrwynd^s Arch,i% 
1870, 679) an account of a case of true Hermaphroditism in the 
human subject, in which both ovaries and testicles were situated be- 
tween the layers of the broad ligaments. 



Comparative Anatomy and Morpholooy. 

Vertebr^ta. To the Proc, ZooL Soc. 1870, J. Murie contri- 
butes the following memoirs. May 26, Notes on the Anatomy of the 
Prongbuck. Its characters are very anomalous, in its hoofs it is allied 
to the giraffe, in its hair to the sheep, in its horns to the deer, in 
the possession of a sub-auricular skin-gland to the goat, in the pre- 
sence of a gall-bladder to the bovidse. It may perhaps be the type 
of a new femily of Ruminants. June 9, On the Saiga Antelope. 
Like the Prongbuck it is difficult to fix its exact place amongst the 
Ruminants. ''To all intents and purposes it may be regarded as an 
Antilopine sheep, not absolutely a sheep, but an offshoot derivative 
of the genus gazella rather than of the ovine antelopes, NeTnorhcedus^ 

June 23, a case of variation in the horns op Cervus eldi, and on 

the same date an account of the mode of Progression of Phoca 

Groenlandica with notes on its anatomy. In Trans, Zool, Soc, 

1870, W. H. Flower describes the skeleton op Delphinus sinensis, 

the Chinese white Dolphin. In xxvi., 197, 1870 of Tram;s, Boy, 

Soc. Edinburgh is an account by W. Turner of the Anatomy op 
Baljbnoptera Sibbaldii. The description is drawn up from a 
female with its foetus stranded at Longniddry in 1869, and em- 
braces an account of the external form and dimensionsi colour, skin 
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and blubber, baleen, organs of alimentation, circnlation, respiration, 
and genitourinary system. The baleen is very fully described, the 
-axrangement of the comified epithelium of the baleen plates into 
tubular and cortical lamellae, the relation to each of these groups of 
epitheliad cells, of vascular papillse, and the presence of vascular 
papilla within the intermediate substance is pointed out, and the 
conclusion is drawn that the homologue of the baleen is to be looked 
for in the vascular folds of mucous membrane situated on-^the palate 
of so many of the mammalia. The aorta gives oiigin from the trans- 
verse part of the arch to a brachio-cephalic, a left carotid and a 
left subclavian artery. In connection with the mesenteric attach- 
ment of the gut is a remarkable tube, containing numerous dia- 
phragms, and consisting of -an alternating series of dilatations and 
oomtrietioRB, which give it a beaded appearance. From this tube 
arise ihe arteries which Hsupply the walls cf the intestine. This 
tube is- in all probability a remarkable modification of the mesenteric 
arterial system, which, for the intestine, serves the same office that 
the rete mirabile does for the brain and spinal cord, to afford a 
mechanical arrangement by means of which the pressuie from the 
elastic recoil of the arterial wall may be distributed and regulated 
before 'the Mood enters the slender arteries within the wall of the 
intestine. The 'larynx with its curious pouch are also described, 
and it is stated -tiiat though there are no true vocal cords, yet 
that the posterior horns of the arytenoid cartilages united by the 
transverse ligament are so situated that they can be approximated 
and divwicated, and possibly act the part of vocal cords. The 
memoir ends with a comparison of this animal with other finners, 
and the conclusion is drawn that the following should be referred to 
the B. Sibhaldii; the North Berwick whale described by Knox, 
the Hull and Utrecht skeletons, the Gothenburg whale, Steypi- 
rey^r, Longniddry whale, and, in all probability, the Ostend 
whale and the "balaena tripinnis quse maxillam inferiorem rotuu* 

dam et superiore multo latiorem habuit" described by Sibbald. 

W. Turner also communicates to the Royal Society, Edinburgh, 
{Proeeedings 6 Feb. 1871,) a notice of a Sperm Whale killed at 
Oban in 18^9, and he refers to seven other well authenticated 
cases in which the sperm whale had been captured on the coast 
of Scotland. W. Turner read to the Royal Soc. Edinb. {Proceed- 
ings, April 3, 1871) an account of the dissection of the gravid 
UTERUS and the arrangement of the Fcetal Membranes in Orca 
Gladiator. The paper contains a description of the uterus and 
appendages, of the feetal membranes, of the position and general 
form of the foetus, and a comparison of its placentation with that of 
other mammals possessing the diffused form of placenta. The struc- 
ture of the uterine mucous membrane, its subdivision into a gland 
layer and a crypt layer, the relations of the glands to the crypts, the 
structure of both, the arrangement of the vessels in connection with 
them, and the much greater vascularity of the crypts than the glands, 
are especially pointed out. The chorion, though with diffused villi, 
possessed not only a small bare spot at each pole, but a third larger 
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one opposite the os uteri internum, the non-villous portions corre- 
sponded therefore to the three uterine openings. The arrangement 
and structure of the villi, the relations of the vessels to them and to 
the chorion generally were pointed out; the plexus of capillaries 
within the villi becomes continuous with a capillary network situated 
immediately beneath the intervillous part of the chorion: this plexus 
is termed sub-chorionic, and from it the vein arises. Hence the 
blood in its passage from the terminal twigs of the umbilical artery 
to the rootlets of the vein flows through a complicated capillary 
system, one subdivision of which lies within the villi, the other 
between their bases. The intra-villous plexus would lie in relation 
to the system of capillaries lying in the walls of the uterine crypts, 
whilst the sub-chorionic would be in relation to the capillaries 
situated beneath the plane of the general uterine mucous surface. 
The amnion formed a continuous bag from one horn of the chorion 
to the other, but did not reach the poles of the latter. In the left 
horn, which contained the foetus, it was only two inches, in the right 
nine inches from the end of the chorion ; its free surface was studded 
with small pedunculated corpuscles. The allantois was not so extensive 
as the amnion. The urachus expanded into a large ^innel- shaped 
sac, which bifurcated when it reached the chorion and formed a right 
and left cylindrical horn ; the left reached to seven inches from the left 

pole of the chorion, the right to 21 inches from the right pole. — 

Keference may also be made to J. Murie's description of Risso's 
Grampus in the last number of this JourrtM,-^ — ^In Reichert u. d'u, 
Bois MeymoncTs Archiv, 1870, 525, F. Krauss gives a detailed de- 
scription of the Osteology of Halicore Dugong. ^In Videnah. 

SeUk, Skr, 5 Eaekke, 9 Bd. I. nine plates, prepared by the late Pro£ 
Eschricht, in illustration of the Anatomy of the Cetacea, have been 
published under the editorial superintendence of J. Beinhardt. These 
plates illustrate points in the anatomy of BcUmna japonica and mys^ 
Ucetus^ Megaptera hoops, Hyperoodon laiifrons and roatrattLS, Dtlphinn 

apterus leucasBXi^Phoccena communis, An elaborate and beautifully 

illustrated memoir, by R. Owen, on Diprotodon australis, is in PhU^ 
Trans. 1870 ; and in Trans, Zool, Soc 1870, are two memoirs on Dinor- 

Nis. A. Nuhn describes {Reichert u, du Bois Reymond^s Archiv, 

1870, 333) the forms of the Stomach in the Vertebrata. In 
connection with differences in size and form the following points are 
to be considered: the amount required for nutrition; the digestibility 
and quantity of the nutritive material; the form and size of the 
cavity of the body in which the stomach is situated; arrangements 
which increase the action of the gastric juice on the nutritive mate- 
rials; the assumption by the stomach of functions which it is 
customary for other organs to perform, as in birds, where the stomach 

is also a masticatory apparatus. To Reichert u. du Bois Reymond^s 

Archivy 1870, 437, K. Himstedt contributes an account of some 
peculiarities in the Cranial Bones op Lepus, with observations on 

the organ of hearing. An elaborate memoir on the Structure 

of the Wing of the Bat, by Jos. Schbbl, is in Schvltze^s Archiv^ 
Yii. 1. The layers of the skm, the hairs and their glands, the 
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elastic bands, the transversely striped muscles, the blood-vessels, 
nerves and terminal bodies are carefully described. 

J. B. Pettigrew communicates to Proc, Roy, Soc, Edinb, Jan. 16, 
1871, an abstract of a memoir On the Physiology of Wings. The 
wing is a screw structurally and functionally ; the blur or impression 
produced on the eye by the rapidly oscillating wing is twisted on itself 
and resembles the blade of an ordinary screw propeller. The twisted 
configuration of the wing and its screwing action are due to the 
presence of figure of 8 looped curves on its anterior and posterior 
margins. If the wing is in one piece it is made to vibrate figure of 
8 fashion in a more or less horizontal direction ; it attacks the air by 
a series of zigzags. If the wing is in more than one piece it is made 
to oscillate in a more or less vertical direction. The wing is closed 
and its area diminished during the up stroke, expressly to avoid the 
resistance of the air. The wing can produce artificial currents and 
utilise and avoid natural currents; the down and up strokes form 
one continuous act, and neither is complete without the other. The 
wing balances the body, in consequence of its travelling at such 
a speed as enables it to convert the area mapped out by its vibrations 
into what is practically a solid basis of support. The wing, whether 
in one or many pieces, rotates on two centres, the one corresponding 
to the root of the wing (short axis), the other to the anterior margin 
(long axis). Weight is necessary to the fiight of the insect, bat, and 
bird. In aerial fiight the under or concave surface of the wing is 
applied from above ; in sub-aquatic flight from below. Weight con- 
tributes to horizontal flight, tor a flying animal when it drops from 
a height with expanded motionless wings falls downwards and for- 
wards, the wings converting the vertical fall partly into forward 
travel. The author enters at length into the consideration of the 
principles on which artificial wings should be constructed.— —Hugo 
Magnus gives in JSiebold und KoUiker^a Zeitsch, xxi. 1 a memoir on 

the structure of the Osseous Cranium of Bibds.-< ^To Jenaiache 

ZeUach. vi. Part 2, Carl Gegenbaur contributes a memoir on the 
Pelvis of Birds. In the first place he describes the form of the 
pelvis in. different birds. Then he compares the various portions of 
the pelvis in the diflerent classes of vertebrata, and determines which 
are to be regarded as sacral vertebrae, not only by a consideration of 
the form of the bones, but from the arrangement of the spinal nerves. 
In employing the armngement of the nerves as an aid in the deter- 
mination of the morphology of the bones he is carrying out that 
principle which John Goodsir had previously employed {Anatomical 
Memoirs, ii.) in the detei*mination of the morphological constitution 
of the limbs and other parts of the body. He shows that in reptiles 
(crocodiles) the sacral ribs are fixed to the body and transverse pro- 
cess of the vertebrse by their proximal ends; the distal end carries 
the ilium. In birds the proximal ends of the sacral ribs are fixed 
to the vertebral body; the distal end is united with that of the 
transverse process, the two together supporting the ilium. The 
foramen transversarium is between the rib and transverse process. 
In mammals (man) the proximal end of the sacral rib is united to 
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the vertebral body and arch; the end of the rib alone goes to the 
ilium. In compariDg the ilium of birds with that of mammals he 
shows that the homologue of the crista ilii is the hinder border of 
the post-acetabular portion of the pelvis in birds; the prse-acetabular 
part is nothing but an outgrowth forwards of that part of Iftie'bone. 

R. O. Cunningham in Proe, Zool, Soc. May 12, 1870, records 

some observations on the Aitatomy of Kingfishers. In Ceryle 
stellata he found that the biventer eervicis. muscle was united to its 
fellow by a narrow but strong transverse ^tendon, and that, in addi- 
tion, a strong membrano-tendinous 'junction connected them together 
at their insertion into the occiput. Similar connecting bands were 

not found in Alcedo ispida and -Debcelo gigaa. St George Mivart 

contributes to Proc. Zool. Soc. April 28, 1870, an account of the 

Axial Skeleton of Urodela. G^eorge GuIHver agaiit direete 

attention (Proc. Zool. Soc. May 12, 1870) to the importance of Ihe 
study of the muscular sheath of the (Esophagus in coimecticm 
with the classification of the vertebrata. ^W. K. Parker commu- 
nicates (P. R. S. Lond. Jan. 19, 1871) an abstract of a memoir on 
the Structure and Development of the Skull of the Common Fbog. 
He concludes that the skull of the adult is composed of: 1st, its' 
own proper membi-anous sac; 2nd, of a posterior part whidi is 
a continuation, in an unsegmented form, of the vertebral column; 
3rd, of laminse which grow upwards from the first pair of facial 
arches, and which enclose the fore-part of -the membranous sac, just 
as the investing mass of the cranial part of the noto-chord invests 
the hinder-part; 4th, the ear sacs and the olfactory labyrinth become 
inextricably combined with the outer case of the bi*ain; 5th, the 
subcutaneous tissue of the scalp becomes ossified in certain definite 
patches, which are the cranial roof-b(mes. The proper facial bars 
are: 1st pair, trabeculsB; 2nd pair, mandibular arch; 3rd -pair, 
hyoid arch; 4th to 7th pairs, branchials. The metamorphoses of 
the cartilaginous rods which form the facial arches have been traced. 
The anterior two^thirds-of the cranium is developed by out-growing 
laminse from the trabeculse, which after a "time become fused with 
the posterior or vertebral part of the skull. Jos. Oellacher de- 
scribes (SchuUze*8 Archiv, vii. 157) the early Development of the 

Heart and Pericardium in hi/o cinereua. Ramsay H. Traquair 

communicated to the Geol. Soc. of Irelcmd, June 8, 1870, notes on 

the EXTERNAL CHARACTERS OF CaLAMOICHTHYS CaLABARICUS, A 

West- African ganoid. The head, the body scales, the lateral line, 

and the fins are described in this communication. P. J. van 

Benedea has published in Mem, de VAcad, Roy. des Sc. de Belffique, 
1870, a memoir on the fish which frequent the coasts of Belgium, 
their food, their parasites and commensals. This memoir will be 
found most useful as furnishing in a concise form a list of the nume- 
rous parasites and commensals with which fish are infested. 

An abstract of a memoir by A. Gunther on Ceratodus, a new genus 
of ganoid fish from Queensland, is in P. R. S. Lond. March 16, 1871. 
He considers that two species exist, C /orsteri and C. miolepia. 
^^ Ceratodus and Lepidosiren are more nearly allied to each other 
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than to any thii*d living fish ; they are well marked modifications of 
the same Dipnoous type, the latter genus diverging more towards 

the Amphibians than the former." C. B. Reichert furnishes to 

his and du Bois Reymond^s Archiv, 1B70, 755, a short account of 
the anatomy of Branchiostoma lubbicuil 

Invertebrata — G. J. Allman contributes to Trans. Eoy, Soe. 
Edinh. (16 May, 1870), a memoir on the genetic succession of 
zooiDS in the Hydroxda, in which he expresses, in the shape of for- 
mulae, the alternation of sexual with non-sexual development. If t 
be the trophosome or entire assemblage of nutritive zooids in a colony 
€uid g the gonosome or generative zooids, then t + g y.t-¥g y^ ... &c. 
will be the general expression for the genetic succession in the life of 
the hydroid, + indicating succession by zooidal, x by embryonal deve- 
lopment. Other formulae are also given to express the binary, ter* 
nary, and quaternary types of hetero-morphism, seen respectively in 
Corymorpha^ IHcoryne, and CcMnpantdaria, As the hydra^th, or pro- 
per nutritive zooid, does in almost every instance, either directly or 
through the medium of the common basis, repeat itself indefinitely by 
budding before the time arrives when an element of the gonosome is 
to be budded off, a series of homo-morphic zooids may introduce 
themselves into the hetero-morphic succession. From a comparison 
which the author institutes between the gonosome of the hydroida 
and the inflorescence of plants, the conclusion is drawn that when, 
in the hydroida, the generative buds are borne upon a special gonoso- 
mal axis, like the flowers in an inflorescence, the order of succession is 
far more frequently centrifugal than centripetal, which is the opposite 
of what prevails in plants. — In Siebold u. Kolliker^a Zeitachrift xxi., 
E.'ClaparMe makes contributions to the anatomy and development 
of the Marine Bbtozoa; and W. von Nathusius a paper on the cap* 

RULE of the EGO of the ringed snake, <&c. In Reichert u. du Boia 

Reynumd^a Archiv, 1870, 366, A. Stuart gives an account of the 
Medusa of Yelella; and on p. 660, L. Stieda relates the structure of 

Foltstomum integerrimum. ^W. C. Mcintosh (Trans. Roy, Soe. 

Edin. 1870) records some points in the Structure of Tubifez. The 
external form and the arrangement of the bristles, the body-wall, the 
perivisceral fluid and corpuscles, the digestive apparatus, the circulatory 

and generative systems are all considered. E. Kay Lankester makes 

observations on the Organization of Oligo-chcetous Annelids {Ann. 
Nat, Bist,, Feb. 1871). He suggests a modification of the group- 
subdivisions of these annelids proposed by ClaparMe, and directs at- 
tention to a new Thames worm, Tuhifex umhdlifer. He describes 
the setse, endothelium of the perivisceral cavity, generative organs of 

TvhifeXf and the genital organs of Chcetogaster and Naia. In Month, 

Micros. Jovm,, Feb. 1871, B. P. Lowne records his Observations on 

the Anatomy op Ascaris Lumbricoides. Jas. Murie describes a 

species of T^bnia from the Rhinoceros, which he considers to be, in 

all probability, new, Froc. Zool. Soc.^ June 23, 1870. In Verhand, 

der Phya-^ned. Geaellachctfl zu Wiirzburgy 1870, appear contributions 
by A. Kolliker to our knowledge of the Polyps. He describes So- 
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Icmderiay a new genus Semperma ruhra, and Pseudo-gorgia Godeffroyi. 

B>. Hartmann continues his observations on the pabasitic cbu&- 

TACEA (Reichert u, du Boia Reymonda Archivy 1870, 726). The sub- 
ject of his present paper is a new species, which he names ZemcBoeera 

Boumimii, It is a parasite on the Laheo niloticus, ^W. Donitz 

makes an adverse criticism {Reichert u, du Bois Reymonda Archiv, 
1870, 761) on the views expressed by Kowalevsky and Kupffer (see 
Reporta iii. 205; iv. 307) as to the nature of the so-named chobda 
DORSALis in the Labval Ascidian, and the presumed relationship 
which it indicates between the invertebrates and vertebrates. His 
observations were conducted on Clavelina lepcbdiformia^ and he be- 
lieves that none of Kowalevsky's positions are saiis£sustory. The for- 
mation of the intestine, the body cavity, the nervous axis, and the 
axial rod ai*e, he says, in the tail of the ascidian larva quite different 
from the development of the same organs in the vertebrate embryo, 
and their signification has been completely misunderstood by that 
observer. Here also it may be stated that E. Metschnikoff had, in 
Bui, de VAcad. Imp. de St Fiterah. ziil 1869, 293, maintaiaed tiiat 
there was no analogy between the development of the ascidians and 

the vertebrate ^A. Kowalevs)^ contributes (Schultz^a Arehiv^ vn. 

101, 1871) additional observations on the development of €he simple 
AsGiniA. He gives numerous figures, with descriptions, of the deve- 
lopment of the free-swimming larva of A. mammiUata, and considers^ 
from what he has seen, that scarcely any one can doubt that the 
chorda of the ascidian is both analogous and homologooB with the 
chorda of the vertebrate. 
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DR ERASERS REPORT. 

Physiological Action of Medicinal and Poisonous Substances, 

Nitrous Oxide. — Dr Maclaren {Edin, Med, Jou/mal, Jan. 1871, 
p. 591) thus describes the phenomena usually observed when nitrous 
oxide gas is inhaled : — ^After two or three inspirations there is an 
increase in the force and frequency of the pulsations. In about 
twenty seconds the breathing is also increased in frequency, if it 
has been originally steady and regular; frequently, however, owing 
to the nervous condition of the patient, the respirations are from 
the commencement irregular, shallow and rapid. In about thirty 
seconds the patient's colour begins to turn livid. When the inha- 
lation has been continued for about one minute, the pulse is almost 
invariably observed to fall in foi'ce and frequency, and the breathing 
is often laboured and even stertorous. In the majority of cases an- 
sesthesia occurs in one minute and twenty seconds. It is recognised 
by various signs; the one least open to mistake is the sudden change 
in the appearance of the patient, a change difficult to describe, but 
readily recognised; another sign is the twitching of the hands. It is 
not by any means necessary to carry the administration to this 
extreme in every case, but when twitching of the hands is present 
for a few seconds, the patient is quite insensible. There often 
occui's considerable muscular rigidity during the later stages of the 
administration, rendering it advisable in cases of dentistry to insert 
a plug between the teeth before commencing the administration. 
Dr Maclaren draws attention to a curious phenomenon apparently 
unnoticed by previous observers, namely, the retention of the sense 
of hearing during suspension of all the other senses. He further 
points out that the same dependence cannot be placed on the insensi- 
bility of the conjunctiva to touch as in chloi*oform inhalation, for he 
has observed that patients will close the eye when it is touched 
while they are quite insensible to pain, and that they will sometimes 
keep the eye steadily open while conscious. After the administra- 
tion, recovery is usually veiy rapid and complete, the patient waking 
up as from, a sleep. It sometimes, however, happens, especially in 

^ In order to assist in making this Eeport as complete as possible, the 
authors will be glad to receive copies of original contributions to physiology. 
Papers on the Physiological Action of Medicinal and Poisonotu Subatancet to be 
sent to Dr Fraser, the University, Edinburgh. Those on Physiological Chemis' 
try to Dr Gamgee, Boyal College oi Surgeons, Edinburgh. Those on other 
physiological subjects to Dr Branton, 28, Davies Street, London, W. 

We much regret that Dr Gamgee is prevented by illness from arranging and 
completing his Report on Phtsiolooical Chemistbt for the present number. 
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young ladies between the ages of fourteen and twenty, that ihere is 
an intermediate stage between that of complete unconsciousness and 
recoveiy, when some excitement is exhibited, such as tossing about 

restlessly in the chair and weeping. Dr Amory of the United States 

has made a number of experiments for the purpose of determining 
the influence of this gas on the respiration and circulation of the 
blood {New York Medical Journal^ August, 1870, and Pamphlet). 
He states that during the anaesthesia caused by nitrous oxide the 
amount of carbonic acid exhaled is diminished by about one-hal^ 
while the pulse is accelerated and weakened. Though the gas freely 
enters the lungs, it does not part with any of its oxygen to the 
blood, nor cause the elimination of as much carbonic acid from the 
blood as when atmospheric air or pure oxygen is respired. Accord- 
ingly, oxidation of the venous blood ceases and stagnation occurs in 
the capillaries. Dr Amory explains the production of anaesthesia by 
the oxidation of the tissues being insufficient. — Although properly 
belonging to the subject of practical therapeutics, the following 
general deductions, made by Dr Holdan from a large series of clinical 
observations, are of sufficient interest to be included in this Keport 
(The American Jowmal of the Medical Sciences, July, 1870, p. 61): — 
" Ist. Inhalation of nitrous oxide is in some degree likely to prove 
injurious in cases of phthisis. 2nd. Inasmuch as pulmonary con- 
gestion is almost a necessity to anaesthesia by this agent, and is con- 
comitant with a well-marked tendency to increase of haemorrhage 
from any cut or abraded surtiace, its inhalation is somewhat hazardous 
in cases where haemoptysis has occurred, or where there exists an 
haemorrhagic diathesis. 3rd. The sense of relief frequently ex- 
perienced by those having diseased lungs is alluring simply and 
does not indicate benefit; and believing it to be due to an annulling 
of hyperaesthesia of the bronchial nerves, the inference follows that 
the agent may prove curative or at least palliative in asthma and in 
affections accompanied by bronchial spasm." 

Chloral Chlobofobm and Ether, suboutaneouslt adminis- 
tered. — Doubts have been expressed in various quarters as to the 
possibility of producing narcosis by the subcutaneous injection of 
chloroform or ether. Dr Benjamin Richardson has already shown 
that the ordinary physiological effects of chloroform may be induced 
by this moiie of administration, and in confirmation of this, Dr Weir 
Mitchell {Americam, Jowmal of the Med. Sciences, April, 1870, p. 394) 
has exhibited, before the College of Physicians of Philadelphia, a 
pigeon narcotised by the subcutaneous injection of chloroform. At 
the same time he exhibited a pigeon which had received in the same 
way two doses of ether, the first of twenty-five, and the second of 
thirty drops, by which profound and long-continued sleep was pro- 
duced. Contrasting the effects caused by the subcutaneous injection 
of chloral and chloroform, he found that the dose of chloroform re- 
quired to produce sleep was greater than could be formed by the 
decomposition of a dose of chloral amply sufficient to produce the 
same effect. 
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Nitrite op Amyl. — ^Dr Goodhart {The Pra^itioner, Jan. 1871, 
p. 12) has examined the symptoms produced on himself by the 
inhalation of from three to ten minims of nitrite of amyl. The 
most interesting points obsei-ved may be thus summarised : — In all 
cases the circulation was first affected, an increase occurring in the 
pulse-beats in from three to ten seconds, after which flushing of the 
face appeared^ Sphygmographic tracings showed that in the first 
place, and coincidently with the greab acceleration of the heart's 
action, the up-stroke was almost imperceptible, after which it became 
sudden and jerking. The respirations were not altered' in frequency; 
but when the face became flushed, great inclination to cough was 
experienced along with an indescribable feeling of fulness about the 
chest. Besides these phenomena, haziness of vision was observed, and, 
among the after effects, dull*aching in the head and general lassitude. 

Hydrocyanic Acid. — Is it present in the smoke of tobacco ? 
In order to determine whether M. Vogel's affirmative answer to the 
above question is true, MM Poggiide and Marty {Journal de Phar- 
made etdk Chimie, tv. Serie^ T. xi. 1870, p. 216) have conducted a 
careful and elaborate investigation. They conclude: — (1) That the 
smoke of tobacco does not contain the least trace of hydrocyanic 
acid; and (2) that Schoenbein's reaction, which was trusted to by 
M. Vogel, is fallacioas. 

Claret. In the last number of this Jxyu/mal (p. 201) a full 
abstract was given of an important investigaUou' by Professor Paarkes 
and Count Cyprian Wollowicz, M.D., on the action of aleohol on the 
healthy human body. A paper has been published by- these observers, 
{Proc. B, S, No. 123, June 16, 1870, p. 73), in which similar obser- 
vations are described regarding the effeetsr of claret on the same 
individual. The wine used^ waS' of good quality, of the second growth 
of the Haut Brion vintage of 1863, and was sold in London at the 
price of 60a. per dozen. The experiments were continued for 30 
days, the man having abstained from any alcoholic beverage for 16 
days previously. During the first 10 days, water only was taken at 
dinner, during th^next 10 days,- the wine was substituted for the water; 
10 fluid ounces (284 cub. centims) being given on the first five days, 
and 20 fluid ounces (568" cub. centims) on the last' five days. The 
wine was taken at dinner-time, at a quarter past one o'clock. In the 
last 10 days water was again given. Only two circumstances (ex- 
cept the taking of the wine) were di^rent in this second series of 
experiments as compared with the first. The first series was made 
in February and March, 1870, when the weather was very cold; the 
present in May and June in very hot and dry weather. The only 
influence traceable to this altered condition of climate was, that the 
amount of water allowed proved to be insufficient, and the man 
suflered some discomfort from thirst* The other alteration was, that 
the man gained 41bs. in weight, and was still gaining a little when 
the experiments were commenced; he continued to do so slowly 
until the twenty-fourth day, when his health- began to give way and 
he lost weight. The general results of these experiments are in all 
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respects identical with those with alcohol and brandy, that is to say, 
there was a marked effect on the he;irt, coinciding tolerably well in 
amount with the effect produced by pure alcohol in the former 
experiments; there was no unequivocal alteration of temperature in 
the axilla or rectum; no alteration in the elimlDation of nitrogen; 
no alteration in the phosphoric acid of the urine ; no alteration in the 
alyine discharges. In other words, claret-wine in the above quanti- 
ties cannot so far be distinguished from pure alcohol. Its most 
marked effect, the increase of the heart's action, must be ascribed to 
the alcohol in great measure, though the ethers may play some slight 
part. The authors carefully guard against this statement conveying 
the impression that the dietetic effects of red Bordeaux wine and of 
dilute alcohol are identical. They point out that the differences 
between them must be sought in their effects on primary digestion 
and assimilation, delicate and subtile influences, which experiments, 
like those recorded in the paper, do not touch. The influence of the 
sugar, of the salts, and of the acidity, must also be appreciated by 
other methods. By these experiments they consider themselves 
better able than by those previously made to define what might be 
considered moderation for this man. The ten ounces of wine, con- 
taining about one fluid ounce of pure alcohol, did not cause the least 
unpleasant feeling of heat or flushing. The 20 ounces, containing 
almost two fluid ounces of alcohol, were manifestly too much. He 
felt hot and uncomfortable, was flushed, the face was somewhat con- 
gested, and he was a little drowsy. Moreover, alcohol then began to 
appear in the urine. Therefore he ought certainly not to take more 
than one ounce of absolute alcohol in 24 hours. 

Turpentine as an antidote to PHOSPHORUs-POisoNiNa. Several 
years ago, Mr Personne propounded the theory that the poisonous 
effects of phosphorus are solely due to its action in consuming the 
oxygen of the blood, and that oil of turpentine acts as an antidote 
by preventing this consumption. The truth of these theories has 
now been called in question by MM. Currie, D.M. and P. Yigier 
(JowTTwX de Pha/rmacie et de Chimie, iv. S6iie, T. xi., 1870, p. 63). 
Experiments were made on dogs and rabbits to test the power of the 
antidote, but all of them were unsuccessful. The inability of rabbits 
to vomit rendered them peculiarly serviceable, as an important 
source of fallacy, difficult to overcome in dogs, was thereby avoided. 
The general result arrived at was, that the poisonous action of phos- 
phorus is not prevented, in dogs or rabbits, by oil of turpentine. It 
is pointed out that Personne's theory of the action of phosphorus is 
untenable, when it is considered that eight milligrammes of phos- 
phorus is sufficient to kill a rabbit weighing three kilogrammes, 
while the quantity of oxygen which this dose is capable of abstracting 
from the blood is only one centigramme. It is irrational to suppose 
that the abstraction of so minute a quantity of oxygen from the 
blood of a full-grown rabbit would result in death by asphyxia. 

Memobdica Elatebium. — The researches of Zwicke, Hagentom, 
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XJntiedt, and Bastgen have shown that convolvulin, elateiin, and 
other neutral purgatives, are unable to influence the evacuation of 
fasces unless they ai-e brought into contact with the bile. Dr Kohler 
Virckoiv'a Archiv, iv. hft. 3, 1870) confirms these observations, and 
also advances valuable proof in support of the opinion that the in- 
activity of these principles is due to their insolubility in nearly all 
the fluids of the body excepting the bile. In the latter, solution is 
effected by a compound being formed between the drastic principles 
and glycocholate or taurocholate of soda; the taurin and choloidi- 
nate of soda in the bile being unable to produce a soluble substance 
with these neutral principles. It is further shown that a similar 
transformation may be produced by soap. Dr Kohler proposes to 
divide the vegetable cathartics into two great divisions: the first 
including those which are active independently of any change pro- 
duced in them by bile, such as senna., rhubarb, croton oil, and aloes ; 
^nd the second, those which cannot exert any cathartic influence 
until they are modified by the bile. The latter class of purgatives 
may be subdivided into those whose action is a purely local one, as 
scammony, gamboge, and jalap, and those whose action is constitu- 
tional as well as local, as colocynth, elaterium, &c. 

Strychnia. — ^An elaborate analysis of 143 cases of poisoning 
with strychnia is published by Dr J. St Clair Gray (Glasgow Med, 
Joti/mal, Feb. 1871, p. 167), along with some interesting observations 
on its mode of action, and the description of a number of experiments 
with various antidotes. In reference to the last subject, Dr Gray 
has examined the value of cnrara, chloroform, physostigma, and 
nitrate of amyl, but his trials have proved unsatisfactory. Only 
«ome slight evidence of a power of counteraction was obtained, which 
was rather more marked with nitrate of amyl than with any of the 
others. When this substance was used, four out of ten rabbits 
recovered after the administration of strychnia ; but, unfortunately, 
no evidence is given to show that fatal doses of the poison were 
administered. 

Akazoa. — MM, Babuteau et Peyre have recently examined the 
physiological action of the akazga or icaja ordeal poison of the Gaboon 
(Comptea Rendua, 8 A6ut, 1870, p. 353), by experiments on frogs, 
rabbits, and dogs. The general conclusion to which they have 
arrived is, that the action is a tetanic one, possessing a greater simi- 
larity to that of brucia than of strychnia (MM. Rabuteau et Peyre 
refer to a previous research with this poison by MM. P^cholier et 
Saintpierre, but they have overlooked the researches of the Author 
of this Report, published in the Proc, E. S, E., April 1867 ; in the 
Brit, and For, Med, Ch, Eev,, July, 1867, and in Trans, of the JBotch 
nical Society of Edinbv/rgh, 1867 — 68. The former of these papers 
gives a full description of the action of akazga, and details of a pro- 
cess by which the active principle may be obtained in the form of a 
crystalline alkaloid ; whilst the last paper contains a comparison of 
the microscopic structure of its stem with that of Strychnos Nux- 
vomica), 
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Atropia. — Dr H. C. "Wood, Jun. contributes some interesting 
facts to our knowledge of the physiological action of Atropia on 
birds {American Journal of Med, Sc, January, 1871, 128). He 
finds that atropia even in strong solution when applied to the eye^- 
ball of a pigeon has no action on the pupil. The iris also remains 
unaffected when large toxic doses are given by the stomach or sub- 
cutaneously. Being somewhat astonished with the comparatively 
enormous doses required to produce any symptom in pigeons, Dr 
Wood made a number of experiments to determine the minimum 
fatal dose. In the first place, he found that fifteen grains of extract 
of belladonna had no effect when introduced into the stomach of a 
pigeon ; but as this immunity might be due to rejection of a portion 
of the poison by the vomiting that occurred, six grains of sulphate of 
atropia was similarly administered, and still no marked effect was 
observed, although the pigeon retained this enormous dose. Expe- 
riments were then made in which sulphate of atropia was admi- 
nistered by subcutaneous injection, which proved that a dose of at 
least two grains is required to kill an ordinary robust adult pigeon. 
Dr Wood refers this insusceptibility to (1) absolute obtuseness of 
the nerve-centres of pigeons to the action of atropia, (2) veiy rapid 
elimination of the poison, and (3) slowness of its absorption. 

Action op certain Diueietics : (Citrate and acetate of potash, 
Spiritus JStherls Nitroai, and Oil of Juniper). — From a number of 
carefully devised experiments made on himself, Dr Nunneley {Med, 
Ch. Trans., 2nd Series, xxxv. 1870, p. 31) arrives at the following 
generalizations : — that in health. 1. Citrate and acetate of potasb 
only slightly increase the quantity of water excreted by the kidneys. 
2. They distinctly lessen the amount both of urea and of solids 
excreted. 3. Spiiitus sethens nitrosi slightly increases the amount of 
urinary water. 4. It decidedly reduces the quantity both of the urea 
and solids. 5. Oil of Juniper slightly reduces the amount of water 
excreted. 6. It appreciably increases both the urea and solids. 
It would thus appear that of these four medicines, imdoubtedlj 
shewn by clinical evidence to possess a diuretic action in various 
pathological conditions, citrate and acetate of potash and spirit of 
nitrous ether actually reduce the urinary solids, whilst they slightly 
increase the water, and oil of juniper increases the solids while it 
lessens the water, in a state of health. 

Antagonism between Morphia and HYDRocYiVific Acid. — 
Judging from the results of eigh); experiments performed on dogs. 
Professor Keese of the University of Pennsylvania {American JowrruA 
of Med, Sc, Jan. 1871, p. 133) believes that he i^ warranted iij con- 
cluding '^ that the antagonism between prussic acid and morphia is 
very sSght, if indeed it exists at all." (With great deference to the 
opinion of an observer occupying so distinguished a position as 
Dr Beese, we would take exception to his statement that ** in order 
to get a clear idea of this real or supposed antagonism, it will be 
necessary, first, to understand precisely what are the symptoms pro- 
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duced bj i^aeh of these poisons when taken separately." Sueh a 
knowledge can be of only slight value. The same symptoms (using 
the word, as Dr Reese does, to imply the obvious general appearances 
produced) may be caused by different actions, and it would be absnrd 
to imagine that one substance will antagonise another merely because 
it pi'oduoes apparently contrary or opposite symptoms. One poison 
may paralyse the heart by stimulating the vagi nerves, another by 
destroying or suspending the functional activity of the cardiac ganglia, 
and yet the symptoms produced by both, so far as the heart. is 
concerned, might be exactly the same. Nevertheless it would be 
improper to expect that a substance which impedes the conducti- 
vity, or causes paralysis, of the vagi nerves, would antagonise both of 
these poisons.) 

The effects of Poisons ox Psogs deprived of blood. — An 
ingenious method of " localising " the action of certain poisons has 
been pursued in an investigation by Dr Lewisson, of Berlin, {Glasgow 
Med, Joumaly Nov. 1870; from Reichert and du Bois Reymond'a 
Archiv, 1870). He takes advantage of the fact pointed out by 
Cohnheim, that in frogs a solution of common salt can be injected 
into the vessels, so as nearly completely to wash out the blood, not- 
withstanding which the heart continues to beat vigorously, and the 
power of voluntary motion is to a considerable extent retained. If the 
action of a neurotic poison be manifested in such frogs, it is apparent 
that it must influence the nervous system directly, and not indi- 
rectly through a primary action on the blood. Br Lewisson finds 
that such neurotics as morphia, chloroform, &c., which produce their 
effects rapidly in normal frogs, do so likewise in the " salt^frogs;** 
and from this he concludes that they act directly upon the nerve- 
substance. On the other hand, such substances as hydrogen, car- 
bonic acid, carbonic oxide, &e., produce their effects by a primary 
action upon the blood. 

VjaroM OF TBa: ScoiaPioy.. — ^A memoir on this ♦subject by M. 
Jousset was presented to th^e Paris Academy of Sciences by M. 
Claude Bernard (Arch, Gen, de Med,, Oct. Nov. and D6c. 1870, p, 
572). From a large number of experiments, M. Jousset concludes 
that the venom of ecorpio occUanua acts directly and solely on the 
red Gorpusdes of the blood ; the nature of the action being a destruc- 
tion of their power to glide over each other, from which it results 
that small masses of adhering corpuscles are formed which completely 
obstruct the capillaries. A certain quantity of the venom produces 
this modification in a definite number of the corpuscles, and the 
^rmptoms of poisoning are directly proportional to the quantity of 
modified corpuscles present in the blood. There is, therefore, a broad 
distinction to be drawn between the nature of the action of this 
venom and of those animal poisons which resemble ferments. 

Vbkdm OP THE Rattleskake. — The chief portion of a paper by 
Dr Weir Mitchell on poisoning with rattlesnake veaoin {Ainerie»n 
Journal of Med. Scianees, April, 1870, p. 317), is occupied with a 
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report on the microscopic character of the blood by Dr Jos. G. 
Richardson. This description confirms Dr Mitchell's previously ex- 
pressed, opinion that the peculiar corpuscles described by Dr Halford 
are merely modified leucocytes. Similar coi-pusoles were spontane- 
ously produced in the blood of animals which had not been poisoned, 
after intervals of twenty or thirty hours ; and it is suggested that 
they are in reality only white-blood globules which had undergone 
an alteration analogous to that produced by reducing the specific 
gravity of the blood. 
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Nervous System, 

Excitability of the Cerebrum. — Fritzsch and Hitzig {Eeichert 
and Dubois' Archiv, 1870, 300) publish some very interesting results 
of experiments on dogs with reference to the question of the electric 
excitability of the Cerebrum. Their experiments were determined by 
the observation of Hitzig, that when a constant current is passed through 
the occiput or the temples movements of the eyes are produced. 
They laid bare the brain by trepanning the skull. They employed as 
an irritant a constant current of minimum strength. In the anterior 
part of the convexities of the hemispheres they found certain definite 
regions, irritation of which caused movements of certain groups of 
muscles on the opposite side of the body. The irritation pi'oceeded 
principally if not exclusively from the positive pole. Tetanic irrita- 
tion of the centres caused tonic spasms of the muscles, which sub- 
sided gradually. Weak induction currents caused after-movements of 
an epileptic character. The results are not due to irritation of the 
basal ganglia or individual nerves, as shewn by the weakness of the 
currents, the occurrence of the contractions on the opposite side of 
the body, the entire cessation of the contractions on great hsBmor* 
rhage, which causes the irritability of the brain to sink rapidly, while 
that of nerve and muscle still remains, or even becomes exalted, dec. 
The removal of these localised centres does not cause complete para- 
lysis of the musclos governed by them, but merely a blunted sense of 
the locality of the limb. Hence these centres are not the only 
centres concerned in the movements of the muscles of tbo limbs. 

Sensibility op Posterior Roots. — G. Giannuzzi (Revtsta Scient. 
1870, 114, and Gentralk d, Med. Wiss. 1870, 622) found that when 
the posterior roots of several sacral and coccygeal nerves were 
divided, the central end of the uppermost remained slightly irritable 
for several months. On microscopic examination he foimd that the 
greater part was degenerated, but a few fibres remained completely 
normal. Whence these came he oould not say, but did not think 
they arose from the nerve above, which had not been divided. 
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RAProiTY OP CONDUCTION IN MoTOR Nerves.— Helmholtz and 
Baxt (MoTicUsbericht der Berlin Acad, 1870, 184) in their new re- 
searches on the rapidity of conduction in motor nerves use the same 
method as before, the arm being immovably fixed in plaster of Paris, 
and the median nerve irritated first above the elbow and then at 
the wrist. The contractions which are thus produced iu the muscles 
of the ball of the thumb are registered by Marey's myograph. Instead 
of using a revolving cylinder the curves were registered by Tick's 
plan on a glass plate attached to the bob of a pendulum, which in 
the middle of its swing caused a spark from an induction coil to irri- 
tate the nerve. They found that a higher temperature increases the 
rapidity of conduction in human nerves as well as those of the frog. 
Conduction is quicker in the upper than in the forearm, and this 
seems to depend on unequal conduction in the nerves themselves 
independently of any difference between the temperature of the parts. 
When the nerve was irritated by shocks quickly following one another, 
the contraction of the muscle was no more powerful than when only 
one was employed, unless an interval of more than yj^th of a second 
intervened between them. Constant currents, especially descending 
ones, readily produced tetanus in the muscle, during which oscillations 
lasting *09 of a second took place in it. 

Place (Fflilget^s Arch, Jii. 424) in a research undertaken along with 
Van West, found by Helmholtz's method the rapidity of conduction in 
motor nerves to be 50 — 60 metres in a second, the mean being 53, a 
much greater rapidity than Helmholtz had found in motor nerves 
(33 metres), and very nearly the same as that he had found in sensory 
ones. When the irritation was applied high up, near the coraco- 
brachialis, they foun^i a rapidity of 35*26 metres. The rapidity of 
conduction ii^the forearm they found to be much greater than in the 
ilpper arm, it being 56 — 62 metres in the former and only 12 — 14 
iu the upper. 

Irritability and rapidity of conduction in Nerves during ^ 
Electrotonus. — Wundt {PJlugei's Arch. iii. 437) found that when a 
constant current is passed through a nerve the irritability at first in- 
creases gradually throughout the whole nerve, till at the positive pole 
or anode it reaches a certain maximum, and then sinks below the nor- 
mal (anelectrotonus), while at the negative it is increased all the 
time the current passes (catelectrotonus). At the anode the in- 
creased excitability remains for a certain time after the contraction 
of the attached muscle, caused by closure of the current, has ceased. 
The stronger the current used the longer does the increase of irrita- 
bility continue, and it remains longest in the parts of nerve furthest 
from the electrodes. Even when the current is so weak as to cause 
no muscular contraction, it can increase the iriitability of the nerve, 
and an irritant applied to it causes the muscular contraction to last a 
longer time. When strong currents are applied, the increased ii'rita*^ 
bility is shown not only by longer duration of the muscular contrac- 
tion, but by its greater height and shorter latent period. The farther 
from the muscle the irritation is applied, the greater the certainty 
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with which the increase in height and duration of the contraction 
can be observed. Shortening of the latent period is only noticed 
with certainty, when the poles of the induced current by which the 
nerve is irritated, are applied between the muscle and the poles of the 
constant current by which the nerve is polarized. The period of 
latent irritation becomes shorter as the strength of the irritation is 
increased, but only if the irritating current is a descending one, or 
lasts for such a short time that electrotonus cannot be induced by it. 
If it be an ascending one and last long enough to induce electro- 
tonus, the resistance to the passage of irritation which is produced at 
its anode greatly increases the latent period, at the same time that it 
diminishes the height and duration of the curve of contraction, but 
it does not diminish them in the same proportion. Strong currents^ 
then, produce slighter contractions than weaker ones, and eontrae- 
tions of the sanie height and duration may be produced by ft strong 
and weak current, but they differ in the length of the latent period, 
which is greater when a strong current ia employed. 

Irritation op Nerves by variations in the strength op a 
CONSTANT current. — Nasse {Pfluger'8 Arch. in. 476) in a series of 
experiments made to determine the amount of sudden variation 
in a constant current of different strength necessary to produce a 
contraction in muscle, found that as the current was made gradually 
stronger the amount of sudden increase requii'ed became less and 
less till it reached a minimum aud then began to increase, so that 
with a strong current a great increase was necessary. The necessary 
amount of sudden diminution however, increased constantly with the 
strength of the current, but more slowly at first than afterwards. 

The Electro-therapeutic and Physiological Methods op 
Stimulation. — W. Filehne (Deutsch. Archiv fiir Klin, Med. vii. 
575 — 586) compares the results of electro-thei-apeutic stimulation, 
according to Brenner's polar method, with the results of physiological 
stimulation of the dissected nerves of the frog. His method was, to 
place one electrode on the sciatic nerve, and the other on muscles of 
the thigh. He found that the results Cinresponded with those 
obtained by firenner in man, viz. that stimulation proceeds from the 
cathode in the ascending current, and from the anode in the descend- 
ing current, accoriiing to Pduger's law. Stimulation with oiie elec- 
tfodo is to be accounted for as if the other electrode were placed 
simultaneouslY above or below (central and peripheric) the spot stimu- 
lated by (m» electrode. In order to ascei*tain if also with strong 
currents electro-therapeutic and physiological experiments agreed, 
the author made experiments on frogs and rabbits, and found that the 
results corresponded also in mammals with the height of the third 
series of curves as given by Pfliiger. When both electrodes are placed 
on a nerve, in weak currents, the irritation proceeds from the central 
electrode, as Brenner states; in strong currents, it is from the diatal 
electrode. In sensory nerves stimulation by the cathode appears to 
be compounded of a i^eripheric ascending and a central descending 
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current. In the polar method the action of one and the same dec- 
trode is the same in both classes of nerves. 

Eye, 

The Influence op the Sympathetic on the Eye. — Dr Sinitzin 
[GentrcdhlaUy No. 11, 1871) records some very interesting results 
which follow extirpation of the superior cervical ganglion of the 
sympathetic. He finds that the cornea of the side operated on offers 
a greater degree of resistance to destructive infiuences, so that a 
similar lesion in both comeae produces in the normal eye inflamma- 
tion and ulceration, but in the eye of the operated side little or no 
alteration. 

The effects which result from section of the 5th nerve anterior to 
the Crasserian ganglion do not occur if the superior cervical ganglion 
has been extirpated before the operation or immediately after. And 
even when they have advanced to some considerable extent they may 
be arrested and reparation may take place if the ganglion is ex- 
tirpated. — For the reparation of the inflammatory and ulcerative 
effects on the eye and lips it is not necessary to take any special 
precautions for protecting the parts. 

The author is inclined to explain these results by the greater 
vascularity and increase of temperature which result fronof the extir- 
pation of the ^iperior cervical ganglion. — If the carotid on the side 
operated on be tied, then section of the 5th is followed by its usual 
results, even when the superior cervical ganglion has been removed. 

The Extent of the Field op Vision. — Uschakoff {Reichert 
and DvhM Archiv, 1870, 454 — 483) explains the differences between 
the statements of various observers as to the extent of the field of 
vision, by shewing (by means of an apparatus after the model of 
Aubert Forster's Perimeter) that the field of vision is different for 
eyes of different refractive power. 

It is largest in the hypermetropic eye, smallest in the myopic, 
and of medium size in the emmetropic eye. 

The differences are quite independent of the conditions of the 
pupil. 

Movements of the Eyes. — A. Skrebitzky {Oentralblatt, No. 5, 
1871. Abstract from NedevL Archiv, f, Genees. en naturk. Y.) con- 
firms the statements of Hueck which have been denied by Dondera, 
that when the head is inclined to one side the eyes move in the 
opposite direction* With an inclination of 10° the eyes move through 
an arc of 1^ The amount of movement increases with the degree of 
inclination, so that with an inclination of 70* — 80° the eyes move 
through an arc of 8 '6°. These values are much smaller than those 
given by Hueck. 

Bbeadth of Vision. — In opposition to the opinion of Hering, 
Woinow (Arch, f, Opth, xvi. I. 200) thinks that the eyes have the 
pofwer of seeing as widely round when they are accommodated for 
near as for distant objects. When an object is looked at sidewise, the 
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obliquity of the eye nearest it is less than that of the other, and they 
become unequally accommodated, as is well shown by the coloured 
rays then observed round a slit in which a piece of selenite is placed 
and looked at in this manner. 

Sensibility of the Retina. — "Woinow {Op. cit p. 212) observes 
that the different sensations which colours produce according to the 
part of the retina on which they fall, are not due only to fatigue, but 
to differences in the sensibility of different par's of the retina, the 
peripheral parts of which are blind to green as well as to red, green 
being perceived by them as yellow. 

Binocular Vision. — When an attempt is made to see as one pic- 
ture, two surfaces or two objects of different shape, colour, or bright- 
ness, or with different backgrounds, a struggle taken place between 
the pictures presented to each eye. Woinow (Arch, f, Ophth, xvi. 
I. 194) finds that this is best marked when a single point in each 
object is looked at, when the light is bright, and the coloura lively 
and contrasted. The colour of the combined picture is not the same 
as that of a true mixture of those of the single objects, as is seen 
when they are compared together by means of a prism. 

An appearance of gloss is most readily observed when the surfaces 
are of very different brightness, as when one is white and the other 
black, or one yellow and the other violet. The form of that object to 
which the attention is directed is more distinct than that of the other. 

Movements of the Iris. — GrUnhagen (P^ilger'a Arch. iii. 440) 
finds, in opposition to Arlt and Donders, that irritation of the sym- 
pathetic acts with nearly the same rapidity on the iris and on the 
vessels of the ear, the former being affected in "78 seconds and the 
latter in '84 sec >nds after the irritation. He disputes the existence 
of a dilator muscle in the iris, and believes that dilatation of the pupil 
is due to contraction of the vessels of the iris. 

Intraocular Pressure. — Monnik (ArcLf, Ophth. xvi. I. 49) by 
a new tonometer tested the pressure necestiary to make a depression 
^ millimetre deep in the sclerotic by means of an ivory point. The 
pressure necessary was generally from 10 to 15 grammes, but some- 
times was as little as 9, and sometimes as much as 14. It varied as 
much as o grammes in the same eye at different times, and seemed to 
increase with age. It was increased in congestive amblyopia and 
glaucoma, being as high as 45 grammes in the latter disease. In 
separation of the retina (Netzhautablosung) it was diminished to 
6 grammes. It was unaffected by motion or accommodation. When 
the indications of the instrument were tested by comparison with a 
manometer inserted into the excised eyes of newly killed animals, it 
was found that 45 grammes pressure of the instrument was hardly 
equal to 185 millimetres of mercury. When a manometer was 
inserted into the aqueous and vitreous humours and water injected 
into the vitreous, the pressure rose in the aqueous as well, showing 
that the ciliary body, zonule and lens offer little i'e:5istance. 
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Hoppel and Giiinhagen {Op, cit. p. 27) conclude from their re' 
searches that the sympathetic diminishes the intraocular pressure 
while the trigeminus on the contrary increases it, both by dilating the 
vessels of the choroid and iris, and also by causing fluid to Alter more 
readily out of them. 

Ear, 

Action op the Tensor Tympani. — A. Schapringer (Wien Acad, 
Silzber, lxii. 2 Abth. 1870) has, under the direction of Helmholtz, 
made use of the faculty he possesses of voluntarily contracting his 
tensor tympani in investigating whether the tensor tympani effects 
an 'accommodation' of the ear. He finds that voluntary tension of the 
membrana tympani renders all notes below 70 vibrations inaudible, 
and those above this number weak. The higher tones, on the other 
hand, were more readily perceived and the partial tones more easily 
discriminated the more energetic the tension of the membrana tym- 
pani. Experiments as to whether under ordinary circumstances an 
accommodation exists give a negative result. He obtained interesting 
results as to the resonance tones of the ear. 

Taste, 

Dependence of Taste on the part of the mouth irritated. — 
Camerer {Zeitsch. f, Biol, 1870, p. 440) thinks that the fungiform and 
circum vallate papillae alone are the organs of taste. He found that 
weak solutions of a sapid substance can be more readily tasted when 
they succeed water than when they come after a stronger solution. 
On the middle and under side of the tongue where fungiform papillse 
are absent, no difference in the taste of water, sugar, sulphuric acid, 
quinine or salt could be distinguished. When the solutions were not 
too weak they were distinguished the more exactly, the greater the 
number of papillae was with which they were brought in contact. 
The parts round a papilla have no sense' of taste, but different tastes 
can be distinguished when one papilla alone is touched. 

Circulatory St/stem. 

Contraction of Vessels in the Pia Mater on irritation of 
A sensory nerve. — Nothnagel had found that irritation of a sensory 
nerve causes the vessels of the exposed pia mater to contract in rab^ 
bits which have not been narcotised. Biegel and Jolly have repeated 
his experiments on different kinds of animals, and find ( Virch, Arch,. 
Lii. 2, 218) that this is due to pressure on the vessels of the pia ma^ 
ter from increased tension within the cerebrum during the cries or 
struggles of the animal, and is not a result of reflex action. When, 
struggling was prevented by narcotising the animal no contraction 
took place, although both spinal and sympathetic nerves preserved 
their properties intact. Contraction is also produced by the flow of 
drops of arachnoidal fluid or blood over the pia mater, and still more 
strongly by cold water. The vasomotor nerves for the vessels of the . 
pia mater only exceptionally run in the cervical sympathetic and its 
upper ganglion, and destruction or irritation of these generally pro^ 
duces no effect on the vessels. 
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Work op the Heart. — Haughton, Dvhlin Quart, Jov/rn, xcvii. 
74. — Buchanan, Lancet, 1870, Vo). ii. No. 20. 

Amount of Blood in the Body. — Brozeit, PJlilgei^s Arch. in. 353. 

Sounds of the Heart. — Paton, Dublin Quart, Journ. xcix. 93. 

Reflex effects on the Circulation and Respiration from the 
Nasal Mucous Membrane. — Kratschmer {SUzber, d, Kais. Acad, d. 
Wissen. Math. Natur, CI. ii. Abtheil. 1870, lxii. 24) has made experi- 
ments to determine the nature of the curious effects which are ob- 
served on the circulation and respiration when a pungent vapour, 
such as Ammonia, is held before the nostrils of a rabbit. As is well 
known the animal contracts its nostrils, the respiratory movements 
oease for several seconds in the state of expiration, and the heart 
likewise ceases to beat, or beats veiy slowly for some time. The au> 
thor explains this result by reflex action fi-om irritation of the nai»l 
mucous membrane. He obtained thesame result by blowing tobacco 
smoke up through the larynx into the nasal cavity. No such effect 
followed blowing smoke directly into the lungs. The effect of blow- 
ing smoke up through the larynx is not altered by section of the 
superior and inferior laryngeal nerves. He found that with, the di- 
minution of the cardiac beats there was slight rise in the blood pres- 
sure. If both vagi are cut no effect is produced on the heart when 
thd vapour is applied, but the effects on the respiration and blood 
pressure remain as before. The blood pressure likewise rises in 
otirarised animals. No effect follows irritation of the nasal mucous 
membrane after section of the trigemini within the skull. Hence 
the effects observed are to be explained by reflex action through the 
5th nerve and the vagus as far as the heart is concerned. Mechani- 
cal and electrical stimulation of the nasal mucous membrane pro- 
duce the same results as irritating vapours. Electric stimulation of 
the supramaxillary branch of the 5th causes a cessation of the respi- 
ration in the state of expiration. Irritation of other sensory nerves 
does not produce this effect. 

Rbflacembnt of Blood by Sai/t solution. — Horwath (Central- 
Ucdtj 1870, p. 801) finds that when Na 01 solution of '75 per cent, is 
allowed to flow, into the central end of the divided abdominal vein 
of frogs, while the blood flows at the peripheral end according to 
Colinheim's method, they always become oedematous and die before 
all the blood has* been washed out, corptfscles being still seen by the 
microscope in the fluid issuing from the vein. The pressure used 
never exceeded 20 millimetres of mercury. 

Bernstein (Oentralblatt, p. 852) thinks that as the abdominal vein 
arises from a limited vascular district the blood cannot be completely 
washed out of distant parts of the body by fluid flowing into or out 
of it. He therefore advises that the thorax of the frog be o^^ened, a 
canula inserted into one aortic arch, and salt solution allowed to flow 
through it towards the periphery, while the blood streams out of the 
open central end. A ligature is to be tied by a slip knot ronnd the 
other aortic arch, so that no blood can pass through it till the fluid 



REPORT ON THE PROGRESS OF PHYSIOLOGY. 403 

issuing from the aorta is completely colourless, and shews no cor* 
puscles under the microscope. The ligature is then removed from 
the other aortic arch, and salt solution allowed to pass through it for 
several minutes. The cut ends of the divided aorta are then liga-* 
tured, and the wound in the thoracic wall sewed up. Frogs deprived 
of blood in this way live for two or three days; and he thinks the 
oedema noticed by Horwath was due to the pressure under which 
the salt solution was introduced being too great. 

Respiration, 

Inplueh^ce of' the Medulla Oblongata on Respiration. — Schiff 
{Pfluger^a Arch. ill. 624) finds that section of the lateral columns of 
the medulJa oblongata at the level of the first cervical nerves puts a 
stop to respiratory movements on the corresponding side of the body. 
Mere exposure of the medulla causes no change in the amount of air 
respired at one movement, but division of one-half of the cord, or of 
a lateral column, diminishes it by about one-third. 

The bloob-stream during interhupted Respiration.— Dogiel 
and Kowalesky (Ffiilger^s AroMv, iil. 489) find that the elevation of 
arterial pressure, which occurs- when the respiration is interrupted, 
is always accompanied by a marked diminution of the velocity of the 
blood-current. During dyi^noea there is alternate quickening and 
slowing of the current. 

Respiratory Movements. — Rosenthal (Eeichert and Dubois 
Archiv, 1870, 423, and Centralblatt, No. 3, 1871) tests the results 
arrived at by Nasse and Hermann (see Report in this Journal, Nov. 
1870, p. 208) in reference to the question whether it is deprivation 
of Oxygen or accumulation of Carbonic acid that acts as the stimulus 
to the respiratory centres. The method adoi)ted by Nasse was to 
inject salt solution (0*6^/°) into the large vessels of the head, and 
thereby drive out the blood. Nasse concluded from his experiments 
that the deprivation of Oxygen does not stimulate the respiratory 
centres, for animals scr ti'eated soon cease io respire. Rosenthal 
shews that these experiments are unable to decide the question, as 
the cessation of respii-ation is in reality due to the rapid loss of the 
irritability of the nerve centres which ensues when they are deprived 
of their blood. He likewise made experiments with serum instead 
of salt solution, and found that the only difference between the in- 
jection of serum saturated with Oxygen and serum saturated with- 
Carbonic acid was that the irritability of the respiratory centres was 
kept up a little longer in the former case than in the latter — a fact 
to be explained by the Oxygen preserving the vitality of the centi-es. 
The question, therefore, as to whether want of Oxygen or accumu- 
lation of Carbonic acid acts as the stimulus, must yet remain unde- 
cided as far as these experiments are concerned. 

Relations between Lesions op Lung and Brain, — Brown-S6- 
quard {Lancet, No. 1, 1871) had observed that after lesions of various 
parts of the brain in cats and guinea-pigs, the animals often died of 
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PneumoiHa. Further experiments revealed that almost constantly 
ecchymoses and apoplectic extravasations occurred in the lungs, and 
bronchi, on crushing or section of the Pons Vai'olii. More commonly 
these results followed lesions of the crura cerebri and. crura cerebelli. 
Less often they resulted from lesions of the medulla and spinal cord. 
The effect on the lungs is produced through the sjonpathetic and its 
spinal roots, and on the opposite side to the lesion. The results oc- 
cur in whatever condition the lungs may be as regards respiration. 
In addition to haemorrhages often local patches of anaemia resulted 
on lesions of the Pons. (Edema of the lung occurred in small patches 
on lesions of the medulla. Emphysema of the lung was also observed 
to result even when there were no respiratory movements. These 
results throw light on the common association of pulmonary with 
cerebral disease. 

Kespiration in Fever. — By adapting a mask to the &ce of fever 
patients, and connecting it with an apparatus for measuring the 
amount of air expired, Leyden (Deutsch. Arch, f, Min, Med, 536) 
found that the amount of air respired during the fever (recurrent, 
pneumonia, typhus) was to that when the fever was absent more 
than 1^ to 1 ; the percentage of 00, in this was as 3 to 3^; so that 
on the whole the excretion of 00, during the fever was increased by 
nearly one half. As increased combustion and excretion of 00 may 
occur in health without rise of temperature, he thinks the nse in 
fever is due to diminished evaporation from the skin. In those 
fevers where there is abundant sweating, as acute rheumatism, the 
rise in temperature is slight. 

Diffusion of Gases between Artebial and Venous Blood. — 
N. O. Bernstein, under Ludwig*s direction (Ber. d. K. Sacha-Gea. 
d, Wiss, Math. Phya, CI 1870, p. 124; CentraUblatt, 1870, p. 669), took 
a portion of arterial blood from the carotid, and another portion after 
the animal had been nearly suffocated. The amount of gas in each 
was determined, and a portion of each was then placed in a vessel, and 
separated from each other only by a piece of caecum, carefully cleaned 
with water and alcohol. After standing some hours they were again, 
tested. An almost imperceptible amount of oxygen only passed inta 
the venous bloud from the arterial, and a somewhat gi^ater, but still 
slight amount of 00 , from the venous into the arterial. The num- 
ber of experiments, however, was too small to allow of any decided 
conclusion being drawn from them. 

Contractility, 

Nature of Muscular Oontraction. — Schmulewitsch {Centrcd- 
hlatt, 1870, 6u9) thinks that the contraction of muscle is produced 
by increased attraction between its molecules (elasticity). This in- 
creased elasticity is due to energy set free in the muscle during 
irritation being converted into it. He proves that one form of 
energy, viz. heat, can produce increased elasticity of muscle, by 
attaching one end of a muscle to a hook, and the other to a thread 
stretched over a metallic box. When the muscle was wanned the 
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thread gave a higher note, and the more the muscle was stretched at 
first the greater difference did warming produce in the note. If the • 
muscle be kept at 2S''C, the elasticity after rising for some time again 
begins to fall and the note becomes lower. The increase and dimi- 
nution in the elasticity might be expressed graphically by a curve 
which differs in appearance from one produced by muscular contract 
tion only in its slower rise or fall. 

The elasticity becomes much altered when the muscle is fatigued. 
The increase and diminution in elasticity is not a vital process, as 
the same phenomena are observed in caoutchouc. 

Duration op Muscular Contraction. — Klunder, Arheiten aus d. 
Kiel Physiol, Inst. 1870, p. 107; see report by Power in Brit. Med, 
Chir. Rev,y Jan. 1870. 

On the Nature op Muscular Force. — A. W. Volkmann ( Ver- 
handl, d. k, s, Gesellsch. d. Wissen, zu Leipzig, 1870. i. ii. 57, 70). 
The author supports Weber's theory, that the extensibility and the 
contractility of muscle are both ultimately dependent on the same 
elastic properties. 

Conditions op Muscular Fatigue. — A* W. Volkmann (PJliiger's 
Archiv, lii. 372, 403) contributes a paper on the phenomena attending 
the fatigue of muscle. He finds that the time requisite for attaining 
the maximum amount of contraction (rapidity of conti*action), as 
also the duration of the contraction, increase with the amount of 
fatigue, while the amplitude of the contraction diminishes. With a. 
great degree of fatigue both duration and rapidity of contraction 
begin to diminish. He also confirms Weber's observation that there 
is a diminution of elasticity in the condition of fatigue. 

Tetanus and electromotor power op Muscle. — Rober (Eeichert 
and du Bois Reymonds Arch, 1870, 615) thinks that the diminution 
in the electromotor power of muscle after it has been tetanized is due 
to sarcolactic acid produced by the contraction. When frogs were 
poisoned with strychnia or picrotoxin, and one sciatic nerve cut, so 
that the muscles of that leg were not tetanized, their electromotor 
power was much less diminished than that of the other leg, and the 
slight diminution in the non-tetanized leg might be due to sarco- 
lactic acid brought to it by the blood from the tetanized one. Injec- 
tion of i per cent, salt or 1*3 or 2*6 per cent, sugar solutions diminish 
the electromotor power of muscles both before and after tetanizing. 
Injection of salt solution containing lactic acid produced tetanus in a 
muscle and lessened its electromotor power one half. This could not 
be restored by washing out the vessels with salt solution alone, but 
could be so to a certain extent by salt solution containing carbonate 
of soda. This also increased the electromotor power when diminished 
by convulsions from pici-otoxin. 

Electricity FROM Muscular Contraction. — Mr Varley (Spiri- 
titalist, Feb. 15, 1871, and Academy, March 1) thinks that the 
current which passes from the clenched to the opened hand when 
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hotb. are plaeed in water, is due to the add pen^iration squeezed 
from the pores. It is greatly dixaimsbed by previously washing the 
hapdB in ammonia and increased by dilute nitric acid. When one 
hand was washed ixi nitric acid, and the other in ammonia, squeezing 
either hand produced a current in the same dii^ection, and when both 
hands were placed in water and a little acid dropped on one of them 
a current was produced without any muscular action. 

F. Megetiet and S. Hepker 'On the Helations between the 
Material METAMORPHOSie and Teksion of Muscle.' Pfluger*s 
Archiv, ill. 574, 578. 

On the Stimulation of Muscles and Nerves by interrupted 
Currents. — Th. W. Engelmann {PJliiger^s Archivy in. 33) has made 
numerous experiments in reference to the observations of Harless 
and Heidenhain, that under certain circumstances no effect is pro- 
duced on a muscle when a constant current passed through its nerve 
is very rapidly opened and closed. £. adopted a method by which 
very rapid changes could be produced in the current, and he found 
that with a given rapidity of interruption no tetanus is produced. 
Each opening and closing of this rapidly interrupted current caused 
contraction just as in the constant current. He obtained similar re- 
sults by applying the current to the muscles direct. 

On the Contractility of the Corneal Corpuscles and Spaces. 
— Rollett {CerUralblatt, No. 13, 1871) describes the appearance of ilie 
cornea of the frog under powerful induced currents. In the cornea 
which normally appears homogeneous, or exhibits here and there a 
vagrant cell or a glimpse of a stellate corneal corpuscle, there appear, 
after irritation, variously shaped figures which look like clefts m the 
tissue. Some which are roundish or elliptical resemble punched out 
holes, like the fenestrse of the fenestrated membrane of an artery — onlj 
smaller. These figures are different aspects of a canal system, in the 
nodal points of which the central nucleated portions of the stellate 
CPiT^uscles lie. The margins of the canals are distinctly seen because 
the corpuscles on irritation contract away from the sides of the 
canals. These phenomena disappear after a time and again return on 
irritation. A distinct canal-system thus seems to be proved, and the 
contractility of the corneal corpuscles established against Engel- 
maim and others. 

Contractile Glands in the skin of Frogs. — Engelmann (P/lu- 
get's Arcfdvy iv.) demonstrates the presence of contractile glands in 
the frog's skin. These are under nerve influence, and may be made 
to contract (in the leg) by direct irritation of the distal end of the 
cut sciatic, or reflexly through this nerve. The gland nerves are not 
paralysed by curara. 

The electro-motive prt^erties of the frog's skin are related to this 
aetaosi of the glands, for when they are thrown into cootractioii 
there is a perceptible deviation of the cutaneous current. 
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Digestive System^ 

The movements of toe Intestine. — May«r and von Basch 
(Wien, Acad, Sitz, Math. Naturw. 01. 2. Abtheil. LXii., Dec. 
1870) have made numerous experiments on dogs and rabbits 
under the influence of curara, with a view to determine the cause 
of the peristaltic action of the intestine. Compression of the tho- 
racic aorta causes movements. So also stoppage of the arti- 
iicial respiration. The influence of stoppage of the respiration is 
much more marked when the intestines are entirely severed from 
their connection with the centaral nervous system. When this is 
done the vessels of the intestines are no longer made to contract 
during the state of dyspnoea, and it is observed that the movements of 
the intestines begin when the dilated vessels are filled with v^ious 
blood, and that they again cease when the blood is oxygenated. 
Hence they conclude that the cause of the movements is the presence 
of venous blood. This is the explanation of the post-mortem peri- 
staltic actions, for they begin when the vessels dilate and allow access 
of venous blood. 

The sustion of the vagus after death in causing movements is 
explained in the same way. They explain the action of the splanch- 
nic in arresting the peristaltic movements, by the fact that as it is the 
vaso-motor nerve of the intestine, irritation causes contraction of the 
vessels, and thus prevents the access of venous blood in quantity. 
They therefore do not consider that the splanchnic is in any special 
manner the inhibitory nerve of the intestine as PflUger states. 

On PiausTALTio Action — speoiaxly of the Intestine^^— Th. W. 
EngelmanoL and G. Yan Erakel (T^fiUgffSr'g Archiv^ iv. 33) oonclude 
that as in the ureters, so in the intestine, the movements are inde- 
pendent of nervous influence. A contraction occun'ing at one point 
propagates itself equally in both directions. No transference of 
movement however takes place from the small to the large intestine, 
or vice versa. The oesophagus, unlike the intestine, contracts osnly 
through the influence of the nervous system. 

The Glands op the Stomach.. — The researches of Ebstein {FJlU^ 
ger^s Archivj iii. 666) throw conside).^ble doubt on the validity of the 
distinction commonly made between mtteous and peptic glands of 
the stomaeh. His conclusions are based both on microscopical (ArcMv 
filT MicToeeop. Anat. vi. 616) ajid experimental observation on the 
stomach of the dog. He finds that an artificial gastric juice prepared 
from the mucous glands of the regio pylorica possesses the power of 
converting albuminoids into peptones in pres^ice of Hydrochloric 
acid. The active principle is not therefore to be attributed to the 
so-called peptic cells, but rather to the cells common to both kinds 
of glands. He proposes the names simple and compound peptic 
glands in place of the terms mvtoovs and peptic glands. 

Secretion pf Bile. — Schiff {Reich&rt and dv^ Boia R^ymorupa Arch, 
II?. 612) finds that the resistance to the passage of bile into the gall- 
bladder is less than into the intestine, so it all passes into the bladder 
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till it becomes distended or contracts. All the bile secreted can thus 
be removed by a fistular opening in the gall-bladder without tying the 
gall-duct, but when the fistula is closed it passes into the intestine. 
When all the bile is thus removed the amount secreted becomes much 
diminished, but again rises when the bile is re-iujected into the 
intestine, stomach, veins, or under the skin. Ox-gall or the soda salts 
of bile-acids have a similar action. When much bile is injected into 
the intestine bile pigments are found in the urine. As former 
experimenters have withdrawn all the bile and not re-injected it into 
the intestine, their estimates of the amount secreted are too small, and 
Schiff reckons it at 1*3 to 3*2 gr. in an hour for every kilogramme of 
body weight. When the portal vein is slowly obliterated by a ring 
of thread put round it and gradually pulled upon, bile-colouring mat- 
ter appears in the urine, but disappears in 3 weeks. When the salts 
of bile acids are injected into the blood, bile pigment is found in the 
urine, if the fistula be closed, but not if it be opened, shewing that 
the pigment in the urine is due to absorption of bile from the intes- 
tine. These changes in the amount of bile secreted are observed in 
sick as well as healthy dogs, and are not due to slowing of the pulse 
from the bile absorbed, as digitaline has no such effect. 

Formation of Urea in the Liver. — E. Cyon (Gentralhlatt /, 
Med, Wiss, 1870, p. 580) estimated the amount of urea in blood 
drawn from the carotid of a dog and then passed one or more times, 
according to Ludwig's method, through the excised liver of the same 
animal. After passing through the liver the amount of urea it con- 
tained was increased; in one instance where the same blood was 
passed through the liver four times, it was more than double that 
contained in blood from the carotid, showing that a considerable 
amount is formed in the liver. 

Temperature, 

. Cause op Fever. — Naunyn {Reichert and du Boia ReymoncPs ArcK 
1870, 159) found that when heat was retained within the body of a 
dog by placing it in a warm atmosphere saturated with moisture the 
temperature in the rectum rose 7^^ and the urea rose in the next 24 
hours from 6*7 to 9*76 grammes. This seemed to render it probable 
that retention of heat in the body was the cause of fever. Farther 
experiments however proved that this was not the case. He injected 
putrid matter into the veins of a dog and found that the excretion 
of urea was increased during the next hour or two, while the fever 
thus produced was still latent and before the temperature of the 
animal was increased. If fever had been dependent on retention of 
heat there should have been no increase of urea till the temperature 
of the body rose. 

Senator {Virch, Arch, L. 354) thinks that the production of heat 
in the body is not increased by cooling the sur&^e, and that no con- 
clusions on this point can be drawn from observations made in the 
axilla alone, as variations in its temperatui'e and that of the rectum do 
liot run parallel. On cooling the naked body of a strong young man 
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he found that the temperature in the axilla rose ^^ th to i^ C, while 
that in the rectum sank slightly. After several minutes that in the 
axilla began to sink and sank constantly even under the normal till 
the experiment was stopped. The slight diminution in that of the 
rectum was succeeded by a slight rise, and this again by a constant 
fall. He thinks that tlie contraction of the vessels of the skin pro- 
duces a slight accumulation of heat at the periphery shown by the rise 
in the axilla, and that this passes gradually inwards till it produces 
the rise in the rectum. The body may be cooled so that the tempera- 
ture rises in one axilla while it falls in the other. From these 
experiments he concludes that cold baths in fever diminish the 
temperature without causing any increased production of heat. 

Effects of Abstraction of Heat. — Horwath (Wien Med. 
Wochensch, 1870, No. 32) found that on cooling rabbits with snow 
and ice, the frequency of the pulse was diminished and the power of 
the vagus over the pulse and blood pressure destroyed at 23' C* The 
intestines and bladder were motionless and did not contract on 
electrical irritation. Peristaltic contractions could be induced in the 
former by dropping warm water upon them, but these disappeared on 
the reapplication of cold. Compression of the carotid had no effect 
on the blood-pressure and produced no convulsions, but inflation of the 
lungs diminished the pressure and altered the pulse-rate. These effects 
disappeared when the temperature of the animal was again raised. 

Diminution op Temperature by Pain. — Horwath (CeTUralbkUt, 
1870, p. 546) had found that the temperature in the rectum of rabbits 
tied down to a board constantly sank sometimes 2® C, and this was 
not due to simple want of movement as it did not sink more than t\y" C. 
when they were simply put into a narrow box in which they could 
not move. He therefore imagined that it might be due to the pain 
caused by the cords and on pinching a little piece of skin 2 or 3 
centimetei*s in diameter he found a similar sinking of the temperature. 

Diminution of Temperature by Gas in the Intestines. — Simons 
(Inaug, Diss, Bonn. 1870. Brit, Med. Chir. Rev, 223. iTan. 1870). 
Carbonic acid, carbonic oxide, hydrogen or air when injected into the 
intestines or subcutaneously cause an immediate fall of temperature, 
attaining its maximum in 2 — 6 hours and then gradually rising. The 
maximum fall is 10* C. Pulse and respiration were also ^somewhat 
slowed but they were not affected so much as the temperature. 

Influence of Food and Digestion on Temperaturii — Vint- 
achgau and Dietl have found {Wien. Acad, SiAz. Bear. Math, mniwrwis. — 
CL Bd. Lx. Abth. ii. p. 69) that warm food introduced into the 
stomach of a dog with a gastric fistula rsdsed the temperature of the 
body, as observed by a thermometer in jbbe rectum, while cold food 
depressed it. When the food was warmed to nearly the same tempe- 
rature as the body, the temperature fell in the course of two or three 
hours about j^ixth of a degree, and then rose ')^ to '^ C. above its 
original one. The temperature of ihe .rectum sank and rose in a 
parallel manner. 
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Normal and PATHOiiOoicAL Temperature. — Jacobson ( Virchow^s 
Archiv, Li. 275) in conjunction with Bernhardt and Leyden has car- 
ried on his researches on this subject. Some results have already 
been detailed in a former number of this Journal (Second Series, 
No. IV. May, 1869). With reference to the question whether fever 
heat is due to retention of heat, t. e, an equalisation of temperature 
between warmer and cooler organs within the body, or to absolute 
increase of temperature, Jacobson and Leyden found that in fever 
resulting from injection of pus, or croton oil inflammations, the tem- 
perature increases both in the liver and in the rectum, which could 
not be the case if there were merely an equalisation of temperature. 
The authors, however, do not think that the source of the increased 
heat is the local inflammatory processes (as held by J. Simon and 
and Billroth), for they found, that though the temperature of the 
inflamed limb is higher than that of the other, yet it is always lower 
than that of the abdomen, rectum or vagina. They likewise find 
that there is no difference in temperature between a pleura inflamed 
by injection of ammonia or acetic acid and the pleura of the 
other side. 

Efs*ects op Cerebral Lesions on the Temperature op the 
Body. — Brack and Giinther (Pfliiger^s Archiv, iii. 578) find that an 
elevation of temperature is more surely produced when puncture is 
made in the anterior part of the pons or posterior part of the medulla 
than after separation of the medulla from the pons. Hence they 
conclude that the elevation of temperature is to be considered as 
the effect of irritation, rather than paralysis of an inhibitory centre 
as Tscheschichin supposes. 

Inpluence op the Nervous System on the Temperature and 
Circulation. — R. Heidenhain (Ffliiger's Archiv, iii. 504) was led to 
researches on this subject from experiments made with a view to 
determine the temperature of the brain in different conditions. He 
found that the brain always possesses a higher temperature than arte- 
rial blood, and that this difference is markedly increased on stimula- 
tion of sensory nerves. There is a fall of temperature in the arterial 
blood, but this does not take place if the spinal cord is severed from 
the medulla oblongata. Along with the fall in temperature there 
is increase of the blood-pressure. He believes that the fall of tempera- 
ture is not due to mere disturbance of the circulation effected through 
the medulla. He finds (in opposition to Dogiel and Kowalesky) that 
with the rise in arterial pressure the pressure in the veins is also 
increased and a^so the velocity of the blood-current. Hence he con- 
cludes that as the fall of temperature is not due to slowing of the 
blood- current through the influence of the sensory nerves on the 
medulla, it must be due to increased radiation from the surface. He 
finds a confirmation of this view in the fact that, when the body is 
immersed in a cold bath, the internal temperature rapidly sinks on 
iiTitation of sensory nerves, while the reverse is the case in a warm 
bath where no radiation from the surface is allowed. 
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Septicjbmia. — Albert and Strieker {Medic, Jahrhiich der K. K, 
GesdUch, d. Aertzte, 1871, Heft 1) find that the increased temperature 
produced by the injection of pus into the veins may be due to irrita- 
tion produced by the local wound or embolism, and not to a specific 
poison. When a vein was simply tied the temperature rose during 
the operation, fell after it, and again rose in the third hour after- 
wards. When anything was injected, the temperature rose in the first 
hour and did so aft«r a certain rhythm, the rise being at first regular, 
then quicker, and then again suddenly slow. Rigors occurred when 
the rise began or when it became quicker. Injection of J per cent. 
Na CI solution or spring water produced the same effect as diluted pus. 
Pure pus caused a quicker rise, but this also could be imitated by 
injecA water holding a number of starch granules in susp^nsioZ 
When the crural vein is connected by a canula with the crural 
artery, so that blood flows out of one into the other, a rise in tempe- 
rature is also produced. 

Injection of fresh defibrinated rabbit's blood into the peritoneum 
of a dog produced vomiting, purging, and laboured breathing, just as 
pus had been found by Weber to do when injected into the thorax. 
When an animal was bled, and the blood of a feverish animal trans* 
ferred into it, its temperature Jdl and did not rise so quickly to the 
normal as when healthy blood was transferred. 
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Ccdlulose, digestibility of, 225 
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Cerebrum, excitability of, 396 
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197; anat. of, 384 
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of, 1 
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Chinese women, feet of, 376 
Chloride of oxethyl-strychnium, 204 
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epispadias, 821 
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Diabetes, origin of, 217; insipidus, 225 
Diaphragm, development of, 193 
Digastxio muscle, additional, 251 



414 



INBBX. 



Dietl, inflnence of food on tempera- 
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K. 

Key, meningeal membranes, 231 

Kidneys, action of sympathetic on, 
216 ; excretion of urea by, 216 

Kingfisher, anat. of, 386 

Klonder, duration of muscular eon- 
traction, 405 

Knapp, mode of determining grape 
sugar in urine, 226 

KnoU, urine after section of splanch- 
nics, 216 

Kohler, memordica elaterium, 392 

Kollenkamp, relation of tactile power 
to mobility of parts, 210 

Kolliker, sexual reproduction in polypes, 
200, 387 

Eowalevsky, development of ascidia, 
888; injiuence of respiration on 
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Moore, Dr W. D., Dutch and Scandi- 
navian notices, 227 

Morphia, antagonism of hydrocyanic 
acid, 894 
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power of, 405; metamorphosis and 
tension, 406; stimulation by inter- 
rupted currents, 406 

Musculus pubo-transversalis, 193 ; ra- 
dio-carpo-metacorpeus, 227 ; anco* 
neus qnadratuB, 876 ; anconeus sex- 
tus, 877 

Myevre, anat. of alcyonaria, 200 



N. 



Nasse, effect of variations in constant 
current on nerves, 398 

Natural selection, 184, 368 

Nathusius, W. von, capsule of egg of 
snake, 887 

Naunyn on fever, 218 ; cause of, 408, 
urea in, 226 

NawaUchm, influence of closure of 
carotid on circulation, 218 

Nerve-centres, warming of, by irritation 
of nerves, 210 

Nerve-roots, sensibility of, 396 

Nerves, peripheral termination of in 
muscle and gland and tongue, 194, in 
larynx, 878, in glands and liver, 379 ; 
inhibitory in skin, 209; trophic, 
210 ; of deglutition, 210 ; non-exist- 
ence of electric currents in, 218 ; varia- 
tions, 378 ; communication between 
median and ulnar, 378 ; axial cylinder 
of, 878; rapidity of conduction in, 
397 ; in electrotonus, 397 ; irritation, 
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by variations in strength of constant 
current, 898, by interrupted cur- 
rents, 406 

Nervous system, anat. of, 194; influ- 
ence on temperature and circulation, 
410 

Nitrite of amyl, action of, 92, 391 

Nitrous oxide, action of, 389 

Nothnagel.cause of chronic convulsions, 
209 ; contraction of vessels, 401 

Norris, changes in cells in inflamma- 
tion, 214 

Nuhn, forms of stomach in vertebrata, 
384 

Nunneley, action of diureties, 894 



0. 

(Edema, production of, 214 
(Esophagus, muscular sheath of, 386 
Oellacher, development- of heart, 386 
Oulmont and Lambert, action of hyos- 

ciamia and daturia, 205 
Opening and shutting, 218 
Orbit, circulation in, 228 
Orbital veins, connexions of, 229 
Osteology, 192, 375 ; chlamydophorua, 

1; of skull of polypterus, 166; of 

mammalia, 191; of hand and foot, 

375; of delphinus sinensis, 882; of 

dugong, 884 
Ovary, structure of, 379 
Owen, Diprotodon australis and Di- 

nomis, 384 
Ovum, effects of heat on, 218 
Oxygen absorbed during day and night, 

222 



P. 

Pelvis of birds, 365 

Panniculus camosus superficial to 

trapezius, 116; dorsal portion of, 241 
PapiUon, sidts in food and composition 

of bone, 225 
Parietal bone, congenital subdivision 

of 192; foramina larga, 192. 
Parker, W. K. development of fowl's 

skull, 192, of frog's skull, 886 
Parkes, effect of alcohol, 201, of claret^ 

391 
Paton, Dr, action of drugs, diet and 

mental work on urine, 285 ; sounds 

of heart, 402. 
Peacock, malformation of heart, 890 
PectoraUs major, variations of, 233; 

arrangement of fibres, 274 
Peptic glands, structure of, 195 
Peptones, 224, production of, 225; 

action of bile on, 280 

28 
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Pericardium , unattached to diaphragm , 
114; in Walrus, 115 

Periphyllus testudo, development of, 
196 

Peristaltic action, 407 

Peroneus tertius, origin of, 277 

Perrin, J. B., variations of x>ectorali8 
major, 233 ; dorsal portion of panni- 
culus, 241 ; peculiar digastric muscle, 
251 

Pettigrew, physiology of wings, 386 

Peyrani, action of sympathetic on uri- 
nary secretion, 216 

Peyre, action of akazga, 393 

Piliiger, nerves in glands and liver, 
379 

Phoca, progression of, 382 

Picot, on inflammation, 216 

Place, rapidity of conduction in nerves, 
397 

Plants, loss of solid matter during 
growth of, 48 

Pneumogastric, influence of section of 
upon action of emetics and cathar- 
tics, 208; latent periods of, 210; 
action on intestine, 407 

Poisons, effects on hloodless frogs, 395 

Poggiale, hydrocyanic acid in tohacco, 
391 

Polydactylism, 382 

Polypes, sexual reproduction in, 200, 
387 ; genetic succession of, 387 

Polypterus, cranial ost. of, 166 

Polystomum integerrimum, 387 

Popliteal space, anatomy of, 280 

Pouchet, Anat. of Alcyonaria, 200 

Ponfick, congenital atrophy of lungs, 
196 

Pr6vost, nerves of deglutition, 210 

Prongbuck, anat. of, 382 

Proteles cristatus, anat of, 198 

Protoplasm, 218 

Pterygoid internal, anat. of, 277, ex- 
ternal arrangement of fibres of, 281 

Pye-Smith, varieties in skeleton, 375, 
muscles, 376, arteries, 877, nerves, 
378; left handedness, 880, retro- 
peritoneal hernia, 382 

Q. 

Quina, antipyretic action of, 204 

B. 

Babuteau, action of sulphovinates, 203, 
of alkalies, 207, of akazga, 393 

Badziejewski, action of sulphate of 
magnesia, 201 

Bansome, Dr A., germination and 
growth of plants, 48 

Banvier, production of oedema, 214 



Battlesnake, venom of, 395 

Beese, antagonism oif morphia and 
hydrocyanic acid, 394 

Beichardt, hypoxanthin in leucocy- 
thiemic blood, 224; urine in leuco- 
cythaemia, 226 

Beichert, anat. of Branchiostoma luci- 
dum, 387 

Beproduction, sexual, in polypes, 200 

Bespiration, action on circulation, 212 

Bespiration, Paul Bert, 191; affecting 
circulation, 212; in fishes and in 
sheep, 215 ; action of gases on, 215 ; 
of the tissues, 218; in the lungs, 
221 ; reflex effects on, 402 ; influence 
of med. obL on, 403 ; effect on blood* 
stream, 403 ; respiratory movements, 
403; in fever, 404 

Betina, intermittent irritation of, 212 ; 
structure o^ 378, 379 ; sensibility of, 
400 

Bibs, abnormities of, 229 

Biegel, circulation in inflammation, 
214; contraction of vessels on irri- 
tation of nerves, 401 

Bisso's Grampus, 118 

Bitsema, development of Periphyllus 
testudo, 196 

Bitter, action of principles derived 
from bile, 207 

Bober, tetanus and electromotor power 
of muscle, 405 

Bolleston, trophic nerves, 210 

Bollett, contractility of corneal corpus- 
cles, 406 

Bosenthal, ligature of veins causing 
convulsions, 207 

Butherford, Dr, improvements in 
making sections for microscope, 324 

Budanowski, axial cylinder of nerves, 
378 

S. 

Sacro-lumbalis, 278 

Saiga Antelope, 382 

Salivary glands of cockroach, 242 

Salkowsky, leucocythsemia, 226 

Sanderson, Dr, capillaiy circulation in 
mammals, 194 

Schapringer, action of tensor tympani, 
401 

Schenk, action of cold on elementary 
organisms, 218 

Schiff , warming of nerve-centres by irri- 
tation of nerves, 210; on taste, 212; 
non-existence of electric currents in 
nerves, 218; digestion, 224; influ- 
ence of med. obi. on respiration, 
403 ; secretion of bile, 407 

Schmidt, H. D., structure of liver, 190; 

Schmulewitsch, muscular contraction, 
404 
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Sohneider, deyelopment of aurelia au- 

rita, 197 
Schmidt, W., production of peptones, 

225 
Schobl, structure of wing of bat, 384 
Schoma, action of Peroxide of hydro- 
gen in blood, 223 
Schultze, taste organs of larval am- 
phibian, 195 
Schwalbe, lymph-spaces in eye, 195 
Scorpion, yeuom of, 395 
Senator, cause of heat in fever, 408 
Sensation, seat of, Cleland on, 102 
Septicaemia, 411 
Sesemann, orbital veins, 229 
Silvester, H. B., nature of spleen, 379 
Simons fall of temperature, 218, by 

gas in intestines, 409 
Sinitzin, influence of sympathetic in 

the eye, 399 
Skeleton, axial of, Urodela, 386 
Skin, inhibitory nerves in, 209 
Skrebitzky, movement of eyes, 399 
Slavjansky, structure of ovary, 379 
Spleen, nature of, 379 ; structure of, 

380 
Sphygmoscope, gas, by Landois, 213 
Squarry, effect of veratrum, 206 
Steinauer, on bromal-hydrate, 203 
Sternum, asymmetry of manubrium, 

228 
Stieda, Polystomum integerrimum, 

387 
Stomach,lymph-passagesin,231; glands 
in 199, 379, 407; forms in verte- 
brates, 384 
Strecker, chloride of oxethyl-strych- 

nium, 204 
Strieker, manual of histology ^ 191, 373, 
capillary circulation in mammals, 
194; inflammation, 214 
Strychnia, new derivation of, 404; ac- 
tion of, 393 
Stuart, Medusa of velella, 387 
Styloid muscles, varieties of, 28 
Sulphate of magnesia, action of, 201 
Sulphovinates, action of, 203 
Supinator radii longus, anatomy of, 

279 
Sympathetic, action on urinary secre- 
tion, 216; influence on eye, 399; on 
intervascular pressure, 401 
Syndactylism, 382 
Synostosis of cranium, 192 

T. 

Taste, Schiff on, 212; Camerer on, 

401 
Temperature, faU of, 218, 409; in 

fever, 408 ; effects of lowering, 409 ; 

influence of food on, 409; normal 



and pathological, 410; effects of 
cerebral lesions on, 410, of nervous 
system on, 410 ; raised by injection 
of pus, 411 

Temporal bone, long styloid pr., 192 

Tensor tympani, action of, 401 

Tetanus, 216, 218, 405 

Thudicum, kryptophanio acid in 
urine, 226 

Thyroid gland, crystals in, 196 

Tschaussow, migration of cells, 215 

Tongue, termination of nerves in, 194 ; 
goblet- shaped organs, 194 

Transversalis colli et capitis, anatomy 
of, 278 

Trapezius, ligamentous action of, 319 

Traquair, cranial osteology of Poly- 
pterus, 166 

Tubes, flow of blood and liquids 
through, 150 ; external characters of 
Calamoichthys calabricus, 386 

Tubifex, structure of, 387 

Turner, Prof., pericardium unattached 
to diaphragm, 114 ; panniculus c. su- 
perficial to trapezius, 116; two-head- 
ed ribs in whales and man, 348; 
transv. process of seventh cervical 
vert, in Balsenoptera Sibbaldii, 361 ; 
reports on anatomy, 192, 375; ana- 
tomy of BalsBnoptera Sibbaldii, 382; 
nature of sperm- whale^^ 383 ; gravid 
uterus in orca gladiator, 383 

Turpentine an antidote to phosphorus 
poisoning, 392 

U. 

Urea, excretion by kidneys, 216 ; pro- 
duction of, 225 ; in liver, 408 
Ureter, structure of, 216 
Uric acid in diabetes insipidus, 225 
Ulrich, tactile power and mobility, 210 
Urine, action of sympathetic and 
splanchnic on secretion and compo- 
sition, 216; in leucocythaemia, 226; 
pigment, 226 ; kryptophanic acid in, 
226; grape sugar in, 226; action of 
carbolic acid on, 229; action of 
drugs, diet, and mental work on, 285 
UschfiS^off, extent of field of vision, 

399 
Urodela, axial skeleton of, 386 
Uterus, gravid in orca gladiator, 383 

V. 

Vaccine virus, analogy with ferments, 

207 
Vagus. See pneumo-gastrio 
Varieties, of muscles, 28, 32, 193, 227, 

233, 241, 253, 376; of skull, 192 ; of 

arteries, 193, 377, 378; of nerves; 

378 ; of bones of hand and foot, 376 ; 
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of costal cartilage, 875; stylohyoid 
ngament, 875; groove of atlas; an 
additional lumbar vertebra, 876; 
horns of cervus eldi, 882 

Varley, electricity from muscular con- 
traction, 405 

Vascular tissues, structure of, and pas- 
sage of corpuscles through, 198 

Veins, ligature of causing convulsions, 
207 ; abnormal sup. and inf. cava, 
227 ; orbital, 229 

Vertebra, additional lumbar, 875 

Veratrum, effect of, 206 

Vessels, contraction on irritation of 
nerves, 401 

Virchow, crania at Eopenhagen, 192 

Vigier, turpentine an antidote to phos- 
phorus-poisoning, 892 

Vision, extent of field of, 899 ; breadth 
of, 899 ; binocular, 400 

Vintsohgau, influence of food on tempe- 
rature, 409 

Volkmann, exhaustion of muscle, 218 ; 
nature of muscular force, 404 ; con- 
ditions of muscular fatigue, 405 

W. 

Wagstaffe, observations on human ana- 
tomy, 224 ; fibres of external ptery- 
goid, 281^ malformed septum of 
heart, 880 

Waldenstrom, action of carbolic acid 
on urine, 229 



Wallace, Natural Selection, 184, 868 
Waller and Provost, nerves of degluti- 
tion, 210 
Walrus, pericardium of, 114 
Welcher, feet of Chinese women, 876 
Weiske, digestibility of cellulose, 225 
Wende, ciUary muscle, 195 
Wings, physiology of, 885 ; of bat, 884 
Wold, Julius, int. architecture of bones, 

192 
Woinow, accommodation of eye, 212 ; 
breadth of vision, 899 ; sensibility of 
retina, 400 ; binocular vision, 400 
Wollowicz, effect of alchohol, 201, 891 
Wood, H. E., acetic ether an anaes- 
thetic, 202 ; action of atropia, 894 ; 
influence of section of vagus on ac- 
tion of emetics and cathartics, 208 
Wood, I. varieties of muscles, 198 
Woodward, structure of blood-vessels, 

193 
Wyss, Hans v., goblet-shaped organs 

of tongue, 194 
Wundt, nerves in eleetrotonus, 897 



Y. 

Yoimg, Dr, relation between iron in 
bile and blood, 158 



Z. 

Zaaijer, anatomical irregularities, 227 
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Left Shoulder , (human), 
C ,^afScZM. c^Ti^er/T'^ BLC^ti- 



Fig 6, 
Right Shoulder &c(human) 

V, IriX^TLa^ Ajzrrve/^zl' conxi^le. 



Left Shoulder (human) 
a^ . Slip from, Coracodryaj-ZuaJ^i^ 



Fig. 7. 
iGHT Shoulder (human) 

a. a., a.. Dorse tpii/o(AZe/27i,T. 
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